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PKEFACE. 


— ♦ — 

Since  Physiology  rests  on  a  tripod  of  anatomy,  chemistry,  and 
physics,  it  is  necessary  in  discussing  vital  phenomena  to  constantly 
refer  to  these  departments  of  science.  In  a  work  of  this  description 
it  must,  however,  be  assumed  that  the  student  already  possesses  a 
general  acquaintance  with  them.  But  with  regard  to  anatomy  it  is 
necessary,  in  explaining  the  plan  of  the  following  work,  to  state  that 
anatomy  and  physiology  are  so  closely  intertwined,  that  it  is  scarcely 
possible,  even  if  it  were  advisable,  to  entirely  separate  the  tuition 'of 
the  one  from  that  of  the  other.  In  the  early  history  of  medical 
education  anatomy  and  physiology  were  professed  by  the  same  teacher, 
who  first  described  the  form,  structure,  and  relations  of  a  part  of  the 
body,  and  then  proceeded  to  elucidate  its  functions.  The  method 
was  natural,  and  is  still  to  some  extent  adhered  to,  although  the 
extensive  development  of  anatomy  and  physiology  has  rendered  then- 
division  between  two  teachers  necessary. 

N"o  countenance,  however,  is  given  in  this  book  to  the  futile 
attempt  which  has  now  and  then  been  made  to  limit  the  tuition  of 
the  anatomist  merely  to  structure,  and  that  of  the  physiologist  merely 
to  function ;  for  such  a  division  seriously  damps  the  interest  of  the 
student,  and  mterferes  with  that  lucidity  of  exposition  which  a 
subject  so  important  demands. 

It  is  expedient  for  the  physiologist  to  enter  fully  into  the  minute 
structure  of  the  tissues  and  organs  of  the  body.  This  subject  is 
therefore  included  in  the  following  work.  On  the  other  hand,  the 
physiology  of  most  of  the  joints,  bones,  ligaments,  and  muscles,  is 
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ouiitted ;  for  that  department  of  physiology  is  best  professed  by  the 
anatomist. 

I  make  a  point  of  as  far  as  possible  explaining  the  experimental 
methods  by  which  the.  more  important  physiological  facts  have  been 
arrived  at,  because  a  bald  statement  of  conclusions  without  an  ex- 
planation of  the  experimental  steps  necessary  for  their  attainment 
constitutes  crammiTig  as  distinguished  from  education,  and  places  the 
student  in  a  helpless  position  when  he  is  left  to  think  and  work  for 
himseK.  To  avoid  this  I  enter  into  many  experimental  details  which 
wUl  appear  tedious  to  superficial  minds.  I  may  therefore  at  once 
warn  the  dilletante  that  this  book  is  not  intended  for  any  who  are  not 
resolved  upon  earnest  study. 

I  long  ago  promised  my  students  that  I  would  write  a  text  book, 
which  would  enable  them  more  readily  to  follow  my  lectures.  The 
serious  labour  in  the  preparation  of  woodcuts  of  liistological  subjects 
has  been  the  principal  cause  of  the  delay  in  its  appearance,  for  I  am 
entirely  of  opinion  that  a  text  book  of  physiology  requires  copious 
illustration. 

I  have,  as  far  as  possible,  repeated  the  observations  of  others,  in 
order  that  I  might  be  able  to  offer  an  opinion  on  disputed  points. 

I  have  to  thank  my  former  assistant  Professor  Stirling  of  Aber- 
deen for  valuable  suggestions,  and  my  present  assistant  Dr.  De  Burgh 
Bii'ch  for  some  of  the  liistological  drawings. 

It  ought  to  be  stated  that  the  first  hundred  pages  were  printed  off 
in  October  18*78. 

University  of  Edinburgh, 
January  1880. 
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INTRODUCTION. 


CHAPTEE  I. 

HISTORICAL  OUTLINE  OF  PHYSIOLOGY. 

In  Greece,  some  four  and  a  half  centuries  before  our  era,  Hippocrates 
first  sought  to  establish  medicine  upon  a  rational  foundation,  and  in  so 
doing  enunciated  physiological  theories,  which,  in  some  instances,  long 
held  sway  over  medical  opinion.  Long,  however,  before  the  time  of 
Hippocrates  hospitals  for  the  sick  had  been  built  at  the  more  celebrated 
medicinal  springs  of  Greece.  These  Temples  of  Health  were  dedicated 
to  a  somewhat  mythical  individual  named  -^sculapius,  and  the  priest- 
physicians,  who  ministered  to  the  bodily  as  well  as  to  the  mental  troubles 
of  those  who  sought  their  aid,  were  termed  Asdejnadce  or  ^sculapians. 
Hippocrates  was  a  priest-physician  at  one  of  these  ^sculapian  hospitals. 
Inheriting  the  medical  traditions  of  a  long  line  of  ancestors,  he,  with  a 
sagacity  that  proved  him  a  fit  contemporary  of  those  who  were  raising 
Greece  to  the  zenith  of  her  fame,  endeavoured  to  banish  superstition  from 
the  art  of  medicine,  and  to  render  its  practice  rational.  He  ascribed  all 
diseases  to  natural  causes,  and  he  counted  it  impiety  to  attribute  one 
more  than  another  to  visitations  from  the  gods.  He  strove,  in  a 
philosophical  spuut,  to  accurately  observe  and  record  the  facts  of  disease, 
and  to  found  the  art  of  medicine  solely  upon  experience. 

At  that  time  it  was  fancied  that  matter  consists  of  four  elements 
— fire,  air,  earth,  and  water.  Tliales  imagined  that  in  icater  the  secret 
of  life  may  be  found;  Anaximines  referred  it  to  the  air;  Xenophon 
ascribed  it  to  tlie  earth;  while  Pythagoras  and  many  of  his  followers 
maintained  that  heat  is  the  cause  of  vital  phenomena.  Hippocrates 
agreed  with  Pythagoras  in  assigning  an  important  place  to  the  influence 
of  heat,  but  he  further  maintained  that  there  is  a  spiritual  essence 
univetsally  diffused,  that  constantly  strives  to  preserve  things  in  their 
normal  condition,  and  to  restore  them  to  order  when  deranged.  This 
principle  ho  termed  4>va-is,  or  Nature;  hence  the  term  Physiology, 
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derived  from  t^vo-ts  and  Aoyos.  The  term  literally  means  Natural  Philo- 
sophy ;  but  it  has  long  been  employed  to  signify  the  funciions  of  living 
things. 

Hippocrates  ascribed  to  this  hypothetical  entity,  Nature,  the  power  of 
selecting  what  is  beneficial,  and  of  rejecting  what  is  detrimental  to  the 
body,  and  he  moreover  regarded  it  as  a  vis  medicalrix,  or  healer  of  disease  ; 
notions  which  have  held  powerful  SAvay  until  quite  recent  years. 

After  Hippocrates  came  Aristotle,  who,  amidst  many  other  pursuits, 
was  a  zealous  student  of  animal  life.  He  may  be  regarded  as  the  father 
of  Natural  History,  on  account  of  his  numerous  writings  about  animals, 
many  of  which  he  dissected  in  endeavouring  to  discover  the  uses  of  their 
parts  ;  but  although  he  proceeded  by  the  method  of  patient  research,  he 
arrived  at  results  of  very  indifferent  value. 

It  was  not  until  the  time  of  Galen,  a  Roman  of  the  second  centurj', 
that  physiology  made  any  noteworthy  progress.  Following  the  example 
of  Aristotle,  he  studied  the  anatomy  of  those  animals  that  most  closely 
resemble  man  in  structure,  and  was  thereby  led  to  inquire  into  the 
functions  discharged  by  the  various  organs  of  the  body.  Galen  had  real 
scientific  instinct.  He  soon  perceived  that  a  study  of  the  dead  is  not 
sufficient  to  teach  us  the  functions  of  the  living  body,  and  he  therefore 
resorted  to  experiment  on  living  animals.  Pi-evious  to  his  time  it  was 
supposed  that  the  arteries  contain  air,  because  they  are  found  empty  after 
death.  It  was  fancied  that  the  air  rushes  down  the  windpipe,  and 
through  the  arteries,  to  keep  the  body  cool.  Galen  exploded  this  doctrine 
by  simply  opening  an  artery  in  a  living  animal,  and  finding  that  blood 
instead  of  air  came  forth :  a  striking  illustration  of  the  important 
physiological  knowledge  arrived  at  by  experiment  on  living  animals. 
Galen  was  also  the  first  to  state,  that  the  brain,  spinal  cord,  and  nerves, 
must  be  regarded  as  the  organs  of  sensation  and  voluntary  motion.  He 
was  also  the  first  to  point  out  that  the  nerves  of  sensation  are  distinct 
from  those  of  motion,  and  are  connected  with  different  parts  of  the 
nervous  system.-  He  assigned  this  as  the  reason  why  those  organs  of 
sense  that  are  capable  of  voluntary  movements,  such  as  the  eye  and  the 
tongue,  have  two  sets  of  nerves.  "  If,"  says  he,  "  one  of  these  nerves  be 
at  any  time  injured,  the  organ  loses  only  that  function  which  the  injured 
nerve  performed  for  it ;  thus,  we  often  see,  in  one  case,  the  tongue 
impeded  in  its  motion ;  and,  in  another  case,  in  its  power  of  recognising 
and  distinguishing  tastes"  {Op.  26,  i.  p.  206):  an  admirable  illustration 
of  the  important  physiological  information  attainable  by  the  study  of 
diseased  conditions.  Galen,  however,  fell  into  numerous  errors ;  but,  in 
spite  of  these,  so  far  was  he  in  advance  of  his  contemporaries,  and  so 
ignorant  were  his  successors,  that  for  centuries  his  opinions  were  accepted 
by  all. 

No  further  advancement  was  made  until  the  revival  of  learning  in  the 
fifteenth  century.  For  some  time  after  this  revival  mathematics  and 
chemistry  were  eagerly  studied,  and  it  not  unnaturally  followed  that, 
while  the  mathematicians  attempted  to  explain  all  bodily  action  by 
mechanical  laws,  the  chemists  were  equally  anxious  to  show  that  these 
might  all  be  accounted  for  by  the  chemical  action  of  one  constituent  of 
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the  body  upon  another.  But  amidst  the  purely  physical  tendencies  of 
the  mathematicians  and  the  chemists,  the  spiritualistic  ideas  of  the 
Grecian  epoch  reappeared, — for  Paracelsus  ascribed  the  bodily  actions  to 
a  spii'it,  supposed  to  "  sit  above  the  stomach."  He  named  it  Archseus, 
or  the  Spirit  of  Life,  and  imagined  that  it  superintends  the  preparation 
of  the  food,  and  the  operations  of  a  number  of  minor  spirits  supposed  to 
dwell  in  the  several  organs  of  the  body.  Such  idle  fancies  availed 
nothing,,  but  happily,  as  time  ran  on,  biological  thought  returned  to  the 
channel  in  which  Galen  had  left  it,  and  the  results  of  observation  and 
experiment  again  began  to  drive  metaphysical  curiosities  from  the  field. 
The  study  of  human  anatomy,  begun  in  Alexandria,  but  revived  in  Italy 
by  Vesalius,  again  prompted  earnest  inqiury  into  the  real  functions  of  the 
several  parts  of  the  body. 

It  now  came  to  be  the  turn  of  England  to  advance  the  science  that 
Greece  and  Italy  had  initiated,  and  through  the  genius  of  Harvey  she 
at  the  beginning  of  the  seventeenth  century  contributed  the  greatest  of 
all  physiological  discoveries — a  knowledge  of  the  circulation  of  the  blood. 
Harvey  had  studied  anatomy  in  Italy,  under  .Fabricius,  but  he  perceived 
as  clearly  as  Galen,  that  a  sufficient  knowledge  of  the  actions  of  the  living 
can  never  be  arrived  at  by  merely  studying  the  structure  of  the  dead 
body.  He  therefore  had  recourse  to  experiments  on  living  animals,  and 
from  these  was  led  to  discover  the  circulation  of  the  blood  {Op.  27,  p.  19), 
and  thus  to  lay  the  first  substantial  foundation  of  physiology,  and  through 
this,  of  the  principles  and  practice  of  rational  surgery  and  medicine. 

It  was,  however,  in  Germany,  under  the  influence  of  Haller,  that 
physiology  towards  the  close  of  the  seventeenth  century  first  rose  to  the 
dignity  of  a  science.  Possessed  of  a  strictly  logical  mind,  strongly  inclined 
towards  physics  and  mathematics,  Haller  insisted  on  elimmating  from 
physiology  all  statements  that  could  not  be  verified  by  observation  and 
experiment.  He  added  considerably  to  the  store  of  physiological  facts, 
arranged  them  in  the  logical  order  of  science,  and  thus  gave  to  physiology 
its  present  aspect.  The  demonstration  by  Sir  Charles  Bell  of  the  difi"erent 
functions  of  the  two  roots  of  the  spinal  nerves ;  the  discovery  of  reflex 
nervous  action  by  Marshall  Hall,  and  of  the  chemical  nature  of  respiration 
by  Black ;  the  discovery  of  animal  electricity  by  Galvani ;  the  promulga- 
tion of  tiie  cell-doctrine  by  Schleiden  and  Schwann  ;  the  measurement  of 
the  blood-pressure  by  Stephen  Hales  and  Poiseuille ;  the  invention,  by 
Thomas  Young,  of  the  graphic  method  of  recording  movement,  and  its 
application  by  Ludwig  to  physiological  investigation ;  the  application  to 
physiology  of  Joule,  Mayer,  and  Helmholtz's  principle  of  the  conservation 
of  energy ; — these,  together  with  Harvey's  discovery,  are  the  keys  that 
have  opened  the  principal  gates  to  the  physiology  of  the  present  day. 

In  physiological  studies  the  facts  of  anatomy,  chemistry,  and  physics 
form  the  foundation  of  the  whole ;  thus,  it  would  be  vain  to  discuss  the 
functions  of  the  parts  of  the  eye,  without  a  knowledge  of  their  structure 
and  mutual  relations,  and  without  knowing  the  laws  of  optics ;  for  the 
eff"ect  of  the  crystalline  lens  upon  light  is  purely  physical.  Again,  it  is 
impossible  to  comprehend  the  changes  which  the  food  undergoes  in  its 
passage  through  the  body  without  a  knowledge  of  chemistry  ;  for  the 
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action  of  the  gastric  juice  upon  the  food  is  a  purely  cliemical  problem. 
But  there  ai'e  phenomena  within  the  body  that  are  restricted  to  living 
things,  which  have  laws  of  their  own,  and  are  not  exjilained  in  the  present 
state  of  our  knowledge  by  the  laws  of  chemistry  or  physics — e.g.,  develop- 
ment, nutrition,  sensation,  volition,  etc.  These  are  termed  vital,  because 
they  are  pcculitir  to  living  beings.  Yet  the  history  of  physiology  clearly 
shows  that  real  progress  has  been  made  only  when  the  accepted  theories 
regarding  vital  phenomena  have  been  in  perfect  harmony  with , physico- 
chemical  laws. 

Much  knowledge  of  the  bodily  functions  has  been  attained  (1)  by 
merely  observing  vital  phenomena  in  their  normal  condition.  (2)  Much 
more,  however,  has  been  learned  by  experiments  on  animals  and  on  man ; 
for  the  method  of  experimentation  is  far  more  powerful  than  that  of  mere 
observation  in  revealing  function.  Although  there  are  points  of  specific 
difference  between  man  and  other  vertebrates,  there  are  so  many  points  of 
strict  resemblance,  that  inferences  from  the  results  of  many  physiological 
experiments  performed  on  dogs,  rabbits,  frogs,  and  other  animals,  are 
applicable  to  the  case  of  man.  The  principal  physiological  difference 
between  man  and  the  vertebrates  immediately  below  him  is  to  be  found 
in  the  more  highly  specialised  character  of  brain  action,  yet  even  the 
physiology  of  the  human  brain  has  been  gi'eatly  advanced  by  experiments 
on  the  brains  of  animals.  There  are  other  minor  points  of  difference,  but 
it  cannot  be  doubted  that  the  j^hysiology  of  bone,  cartilage,  muscle,  nerve, 
and  other  tissues  in  a  dog  or  rabbit  is  essentially  the  same  as  in  man. 
Moreover,  the  heart,  blood  and  lymph  vessels,  the  lungs  and  kidneys,  the 
liver,  sali\'ary  glands,  stomach,  and  intestines  of  a  dog  or  a  rabbit  discharge 
functions  essentially  similar  to  those  observed  in  man.  But  it  must  be 
admitted  that  there  are  various  differences  in  points  of  detail  here  and 
there  observable ;  so  that  although  experiments  on  animals  have  been  of 
infinite  value  in  human  physiology  since  the  time  when  Galen  proved 
that  the  arteries  during  life  contain  blood,  and  Harvey  demonstrated  the 
circulation  of  that  fluid,  nevertheless,  in  no  case  can  the  result  of  an  experi- 
ment on  an  animal  be  regarded  as  more  than  an  index  of  what  may  he 
ex]}ected  to  hold  true  in  man.  It  is  merely  presumptive  evidence  until  its 
truth  is  directly  proved  in  his  case.  Yet  so  highly  is  this  presumptive 
evidence  valued,  that  no  one  would  dare  to  test  the  effect  of  some  new 
remedy  upon  a  human  being  without  first  of  all  experimenting  with  it  on 
animals ;  for  although  the  effects  in  the  two  cases  often  differ  in  degree, 
they  are  most  commonly  similar  in  kind.  (3)  Physiological  knowledge 
is  also  arrived  at  by  studying  the  phenomena  of  disease.  Disease  may  be 
generally  defined  as  an  abnormal  physiological  condition ;  in  other  words, 
pathology  is  a  modified  physiology.  Disease  works  experiments  often 
so  refined  that  they  cannot  be  imitated  by  art.  Thus,  from  the  observa- 
tion that  in  some  cases  of  enlargement  of  the  spleen  the  blood  contains 
an  increased  number  of  white  corpuscles,  the  novel  conclusion  was  arrived 
at  that  a  function  of  the  spleen  is  to  produce  white  blood-corpuscles. 
Many  other  facts  in  physiology,  especially  in  that  of  the  nervous  system, 
have  been  derived  from  this  important  field  of  inquiry. 
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CHAPTEE  II. 
THE  MOTION,  FORCE,  ENERGY,  AND  WORK  OF  THE  ORGANISM. 

THE  BODILY  MECHANISM. 

Within  the  bodily  system  there  is  incessant  change.  Various  kinds  of 
work  have  to  be  done.  The  doing  of  work  impHes  the  expenditure  of 
energy,  for  energy  is  the  power  by  which  work  is  accomplished.  The 
expenditure  of  energy  necessitates  the  renewal  thereof,  otherwise  the  work- 
ing of  the  body  cannot  be  maintained.  In  this  respect  the  body  resembles 
a  machine,  such  as,  e.g.,  a  steam-engine.  Every  movement  of  the  engine 
implies  the  expenditure  of  power,  for  the  supply  of  which  the  consumption 
of  fuel  is  necessary.  In  the  fuel  there  is  a  store  of  latent  power.  By 
chemical  change  in  the  form  of  oxidation  the  latent  power  becomes  active, 
heat  is  evolved,  and  the  machinery  driven  thereby.  In  time  the  fuel  is 
wasted;  the  volatile  products  of  its  oxidation  have  flown  into  the  air, 
leaving  behind  nothing  but  an  ash  bereft  of  all  its  store  of  oxidisable 
material,  and  therefore  robbed  of  its  capacity  for  work.  To  maintain  the 
working  of  the  engine  it  must  from  time  to  time  be  "/et/ "  with  combus- 
tible material  and  water,  "  respiration  "  must  be  allowed  in  order  that  the 
stream  of  air  may  supply  the  requisite  oxygen  and  remove  carbonic  acid. 
If  sufficiently  supplied  with  fuel,  air,  and  water,  the  engine  would  continue 
to  work  for  an  indefinite  period  but  for  the  circumstance  that  the  machine 
wears  away.  The  efi"ects  of  its  tear  and  wear  may  indeed  be  remedied  by 
timely  repair,  but  sooner  or  later  it  becomes  useless  and  has  to  be 
abandoned. 

Crude  though  the  analogy  be  that  such  a  machine  bears  to  the  bodily 
mechanism,  the  essential  lines  in  both  are  nevertheless  strictly  parallel. 
Every  kind  of  bodily  work,  from  the  movement  of  a  limb  to  the  evolution 
of  an  idea,  implies  the  expenditure  of  power,  for  the  renewal  of  which 
repeated  supplies  of  food  and  air  are  essential.  But  the  bodily  system  is 
so  curiously  and  incomprehensibly  designed,  that,  if  properly  nourished,  it 
groivs  from  a  comparatively  simple  speck  of  jelly-like  matter  into  an 
apparatus  so  complex  that  we  cannot  with  anything  like  completeness 
unravel  it.  The  tear  and  wear  of  its  complicated  machinery  is  in  most  of 
its  parts  for  a  time  fully  compensated  by  self-repair,  but  sooner  or  later 
repair  grows  tardy  and  imperfect,  the  apparatus  wears  out,  and  can  work 
no  longer. 

The  incessant  ebb  of  power  within  the  bodily  system,  implying  as  it 
does  the  consumption  of  energising  material  and  the  tear  and  wear  of 
tissue,  renders  necessary  the  process  of  nutrition — a  process  comparatively 
simple  in  the  lower  but  excessively  complex  in  the  higher  animals.  It 
comprehends  (1)  the  means  by  which  new  matter  is  conveyed  to  the  tissues  ; 
(2)  the  transformations  it  undergoes  therein ;  (3)  the  manner  in  which 
it  is  removed  and  thrown  away  when  it  becomes  useless  and  effete. 
The  objects  of  nutrition  are  to  supply  material  (1)  for  the  building  up  and 
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for  the  repair  of  the  bodily  system  ;  (2)  for  yielding  energy  wherewith  to 
do  tlie  bodily  work.  In  analysing  the  bodily  functions  we  have  therefore 
to  keep  in  view  (1)  a  series  of  considerations  relating  to  the  nature,  source, 
and  destiny  of  the  materials  employed  ;  (2)  another  series  of  considerations 
relating  to  the  nature,  source,  and  destiny  of  the  energy  employed, 
together  with  the  work  it  performs. 


BODILY  MOTION. 


The  various  movements  that  occur  within  the  bodily  system  are  all, 
as  indeed  they  must  be,  merely  changes  in  the  relative  positions  of  the 
masses,  molecules,  and  atoms  of  its  matter,  and  they  result  either  froi.. 
the  various  forces  of  which  the  portions  of  matter  are  the  centres,  or  from 
external  forces. 

1.  Ordinary  or  Visible  Motion  is  produced  by  contractile  tissues, 
of  which  muscle  is  the  chief.  The  functions  of  muscle  and  nerve  may  be 
conveniently  studied  in  the  frog,  for  as  this  animal  is  cold-blooded  its 
muscles  and  nerves  retain  vitality  for  a  sufficiently  long  period  after  isola- 
tion to  permit  of  the  performance  of  experiments.  The  frog  is  stunned 
and  pithed  to  render  pain  impossible.  The  skin  is  then  removed,  the 
sciatic  nerve  is  isolated  and  divided  near  the  sjnne,  and  the  muscles  are 

removed  from  the  femur,  which 
is  then  divided.  The  isolated 
leg  is  laid  on  a  plate,  or  it  may 
be  suitably  supported  by  a 
clamp,  as  indicated  in  Fig.  1. 
This  arrangement  is  well 
adapted  for  demonstrating 
many  experiments  on  muscle 
and  nerve.  When  the  move- 
ments of  the  limb  require  to 
be  exaggerated,  a  light  lever, 
such  as  a  straw,  may  be 
pinned  to  the  toes. 

On  applying  the  electrodes 
of  a  Faradic  electromotor  to 
the  muscle  of  a  living  limb  so 
prepared,  it  is  excited  by  the 
electricity,  and  suddenly  undergoes  a  change  of  shape,  becoming  shorter 
and  thicker ;  in  a  word,  it  contracts.  There  is  in  the  substance  of  each 
muscular  fibre  an  invisible  molecular  machinery  for  the  production  of 
mechanical  movement. 

2.  Chemical  Motion  is  a  convenient  name  for  the  shifting  of  position 
whereby  atoms  and  molecules  give  rise  to  new  combinations.  It  occurs 
more  or  less  in  every  tissue  of  the  body,  but  principally  in  the  muscular, 
glandular,  and  nervous.  It  must  not  be  assumed  that  on  stimulating  the 
muscle  electrical  motion  is  the  immediate  cause  of  the  contraction,  for 
undoubtedly  the  electricity  acts  chiefly  if  not  entirely  by  setting  up 
chemical  change.    Chemical  motion  is  as  much  concerned  in  causing  a 


Fig.  1. 


Frog's  limb  arranged  for  experiments  on  muscle 
and  nci-ve.   N,  sciatic  nerve. 
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muscle  to  contract  as  in  driving  the  bullet  from  a  gun.  In  the  one  the 
electrical  stimulus  merely  induces  chemical  change,  just  as  the  spark,  a 
thermal  stimulus,  merely  initiates  it  in  the  other.  No  doubt  the  case 
of  the  gun  is  far  simpler  than  that  of  the  muscle,  for  we  know  by  a 
common  experience  that  with  the  discharge  of  the  gun  the  solid  explosive 
substance  vanishes,  and  that,  if  the  introduction  of  the  explosive  material 
be  omitted,  the  spark  entirely  fails  to  move  the  bullet.  The  muscle  is 
more  subtle ;  its  energising  material  lies  hidden  within  the  contractile 
substance,  and  so  curiously  is  the  apparatus  arranged  that,  unlike  the  gun, 
the  stimulus  does  not  at  once  transform  all  the  energising  material,  but 
discharges  with  their  resultant  contractions  can  be  again  and  again  induced, 
even  when  the  muscle  is  cut  out  of  the  body,  and  a  renewal  of  the  mate- 
rial thus  rendered  impossible.  In  time,  however,  the  contractions  become 
feeble,  and  eventually  the  stimulus  altogether  fails  to  induce  them  :  and 
this  result  appears  the  sooner  the  greater  the  intensity  and  the  rapidity 
of  the  contractions,  for  thereby  the  store  of  energising  material  is  rapidly 
used  up.  We  know  definitely  that  chemical  change  takes  place  more 
rapidly  in  muscle  during  contraction  than  during  rest,  because  carbonic 
acid  is  rapidly  evolved ;  sarcolactic  acid  is  produced,  and  changes  the 
reaction  of  the  muscle  from  alkaline  to  acid  ;  and  there  are  other  chemical 
changes  to  be  afterwards  detailed.  We  further  know  that  when  muscle 
inside  the  body  is  exhausted  by  repeated  stimulation  its  power  may  be 
regained  by  rest  and  nourishment,  whereby  fresh  energising  material  may 
be  introduced,  and  the  effete  matter  removed. 

3.  Nerve  Motion. — If  the  nerve  (N,  Fig.  1)  be  stimulated  by 
electricity,  or  by  a  pinch,  muscular  contraction  ensues,  but  there  is  no 
visible  movement  of  the  nerve ;  and  yet  motion  of  some  sort  there  must 
be,  for  the  effect  of  the  stimulus  travels  along  the  nerve  to  the  muscle. 
Whether  the  motion  of  the  nerve  particles  be  a  mechanical  vibration,  or 
a  chemical  motion,  is  unknown,  and  on  that  account  it  is  convenient  to 
term  it  nerve  motion. 

4.  Sonorous  Motion  is  produced  by  the  vibration  of  the  particles 
of  a  contracting  muscle  ;  it  may  be  readily  heard  if  the  jaws  be  clenched 
during  the  night,  when  other  sounds  are  hushed.  It  also  arises  from  the 
vibration  of  membranes  in  the  larynx  and  heart,  and  to  a  slight  extent 
in  other  parts  from  various  causes. 

5.  Electrical  Motion  is  generated  by  special  organs  in  some  fishes, 
and  is  also  produced  in  muscle  and  nerve,  and  some  other  tissues,  in 
animals  generally.  Its  source  is  doubtless  chemical  motion.  In  a  future 
chapter  the  mode  of  demonstrating  the  electrical  currents  of  muscle  and 
nerve  will  be  explained. 

6.  Thermal  Motion  rapidly  appears  in  a  muscle  when  it  contracts, 
in  a  gland  when  it  secretes,  in  a  nerve  cell  when  it  evolves  nerve  energy, 
and,  indeed,  it  is  produced  in  all  the  parts  of  the  body  that  are  the  seats 
of  chemical  change.  In  part  it  springs  directly  from  chemical  motion, 
but  it  is  also  immediately  derived  from  the  other  modes  of  motion  in 
the  organism  which  all  finally  assume  the  form  of  heat. 

7.  In  addition  to  the  preceding,  there  are  various  mechanical  move- 
ments of  a  molecular  nature  ;  such  as  the  diffusion  of  liquids  and  gases,  etc. 
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TRANSFORMATION  OF  MOTION. 

That  one  mode  of  motion  can  give  rise  to  another  may  be  gathered 
from  the  preceding,  and  it  may  be  further  illustrated  as  follows : — 1. 
On  rubbing  a  resinous  rod  with  a  piece  of  flannel,  the  mechanical  move- 
ment of  the  dissimilar  substances  gives  rise  to  electrical  motion  ;  the  two 
electricities  in  the  resin  are  separated,  the  negative  remaining  in  that 
substance,  while  the  positive  electricity  passes  into  the  flannel.  If  the 
electrified  resin  be  brought  near  a  pith  ball  suspended  by  a  thread,  the 
negative  electricity  of  the  former  attracts  the  positive  electricity  of  the 
latter,  and  thereby  causes  a  mechanical  movement  of  the  ball  towards  the 
rod.  2.  On  beating,  e.g.,  a  piece  of  lead  with  a  hammer,  the  mechanical 
gives  rise  to  thermal  and  sonorous  motions.  3.  On  strilcing  together 
flint  and  steel,  the  mechanical  motion  produces  lieat  and  light.  4.  That 
heat  can  produce  mechanical  motion  is  readily  shown  by  the  bubbling  of 
boiling  water.  5.  That  heat  can  occasion  electrical  motion  may  be 
proved  by  heating  a  thermopile.  This  consists  of  bars  of  dissimilar 
metals,  such  as  bismuth  and  antimony,  two  ends  of  which  are  soldered 
together  like  the  letter  V,  while  the  free  ends  are  joined  to  the  wii-e  of  a 
galvanometer.  On  heating  the  junctions  of  the  metals,  the  two  electri- 
cities are  separated,  and  the  current  reveals  its  presence  by  deflecting  the 
needle  of  the  galvanometer.  6.  That  electrical  motion  can  generate  heat 
and  light  may  be  shown  by  conducting  the  current  from  a  large  Bunsen's 
cell  along  a  thin  platinum  wire.  The  powerful  resistance  that  the  wire 
off'ers  to  the  electrical  motion  leads  to  the  ^jroduction  of  intense  heat  and 
light.  7.  The  burning  of  any  combustible  material  shows  that  chemical 
motion  can  give  rise  to  heat  and  light.  These  elementary  facts  in  physics 
are  recapitulated  here  merely  to  render  clear  what  follows. 

FORCE. 

The  nature  of  force  is  unknown.  Looking  to  its  efl'ects,  it  is  defined 
as  that  which  produces,  accelerates  or  retards,  or  changes  the  direction  of 
motion.  As  force  is  an  attribute  of  matter,  and  since  the  matter  of  living 
things  can  only  be  derived  from  the  non-living  world,  it  follows  that  the 
various  forces — e.g.  gravity,  cohesive,  adhesive,  and  repulsive  forces, 
chemical  affinity,  electrical  force,  and  others  displayed  by  matter  in  the 
non-living — are  also  found  in  the  living  world.  Although  the  motions  of 
things  living  lead  to  results  in  many  instances  widely  different  from  those 
met  with  in  inorganic  nature,  yet  there  is  no  evidence  whatever  that  these 
are  due  to  agents  other  than  the  ordinary  forces  of  matter. 

All  forces  being  either  attractive  or  repulsive,  diminish  or  increase 
the  distance  between  portions  of  matter.  That  force  produces  motion 
needs  no  illustration.  That  it  can  prevent  motion  is  readily  proved  by 
attempting  to  overcome  the  force  of  gravity  in  lifting  a  heavy  weight. 
Further,  in  attempting  to  distort  a  solid  body,  the  cohesive  force  of  its 
particles  ofi'crs  more  or  less  resistance  to  the  external  pressure.  In  such 
cases  the  force  of  the  opposing  body  is  for  convenience  tenned  a  force  of 
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resistance.  That  force  may  retard  motion  is  illustrated  by  any  case  of 
friction. 

We  have  seen  that  one  mode  of  motion  can  be  transformed  into 
another.  That  is  to  say,  the  various  modes  of  motion  are  correlated. 
There  is,  however,  no  reason  for  believing  that  the  transformation  of 
force  is  possible  ;  there  is  no  evidence  that  gravity  or  cohesive  force  can 
give  rise  to  chemical  force ;  nor  this  to  any  other  form  of  force.  As  far 
as  we  at  present  know,  the  several  forces  are  distinct  attributes  stamped 
on  matter  by  its  Creator.  The  terms  "transformation  of  force"  and 
"  correlation  of  force  "  are  therefore  no  longer  admissible.  They  were 
adopted  when  the  term  force  was  used  to  signify  the  energy  of  motion  as 
well  as  that  which  occasions  motion. 

ENERGY  AND  WORK. 

Work. — Energy  is  the  power  of  doing  work.  Work  is  the  act  of 
producing  motion  against  resistance  (Maxwell).  Thus  work  is  done 
when  a  weight  is  lifted ;  because  gravity  resists  the  change.  Work  is 
done  when  a  solid  is  melted  into  a  liquid,  because  cohesive  force  resists 
the  change  ;  or  when  a  gas  is  compressed  work  is  done  in  overcoming 
the  repulsion  of  its  molecules.  In  contractile  tissues  the  work  is  princi- 
pally mechanical.  In  glands  it  is  chiefly  chemical.  In  the  brain  the 
nature  of  the  work  is  not  comprehended.  We  can  readily  conceive  how 
chemical  change  in  a  nerve  cell  can  set  up  nerve-motion,  and  do  work 
which  may  end  in  exciting  a  muscle  to  contract,  or  a  gland  to  secrete, 
but  we  are  entirely  ignorant  of  the  nature  of  intellectual  work.  In  some 
way  or  other  it  depends  on  material  movement,  because  the  molecules  of 
such  a  substance  as  chloroform  can  suspend  its  production,  and  they  can 
only  do  this  by  acting  on  the  material  substratum  concerned  in  the 
production  of  sensations  and  ideas.  Doubtless  they  inhibit  or  suspend 
the  production  of  these  states  of  consciousness,  by  suspending  the 
chemical  or  other  motions  necessary  for  their  production.  The  evolution 
of  an  idea  is  as  certainly  a  work  of  the  nervous  apparatus,  as  a  mechani- 
cal movement  is  the  work  of  a  muscle  ;  but  while  we  can  readily  perceive 
that  mechanical  work  is  a  shifting  of  material  position  against  some 
resisting  force,  we  have  not  the  least  comprehension  of  the  manner  in 
which  the  motions  set  up  in  the  brain  give  rise  to  consciousness  and 
other  psychical  phenomena.  The  real  nature  of  mental  work  is  therefore 
an  unsolved  problem. 

EiVERGY  is  neither  force  nor  motion,  but  it  imphes  the  existence  of 
force  and  its  power  of  producing  motion.  For  example,  when  a  weight 
rests  on  the  earth  it  has  no  energy,  although  it  is  influenced  by  the  force  of 
gravity.  When  lifted,  and  held  at  rest  in  the  air,  it  has  no  motion,  and 
the  force  of  gravity  is  scarcely  so  powerful  as  when  the  weight  lay  on  the 
earth.  Nevertheless,  it  now  possesses  potential  energy ;  that  is,  energy 
in  virtue  of  its  position  with  reference  to  the  earth.  If  now  the  Aveight  be 
allowed  to  fall,  its  energy  becomes  actual  or  kinetic;  that  is,  energy  in 
virtue  of  motion.  Seeing  that  kinetic  (/civew,  to  move)  energy  implies 
motion,  the  various  modes  of  motion  are  for  convenience  spoken  of  as 
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forms  of  kinetic  energy.  Take  now  such  a  case  as  that  of  carbon  and 
oxygen.  When  their  atoms  are  locked  together  in  the  form  of  carbonic 
acid,  they,  like  the  weight  resting  on  the  earth,  have  no  energy.  But  if 
by  some  power  the  atoms  be  torn  asunder,  they,  like  the  weight  lifted 
and  held  apart  from  the  earth,  acquire  potential  energy — in  virtue  of 
their  position  of  relative  distance.  When  a  suitable  temperature  permits 
of  their  reunion,  they  rush  together,  and  in  so  doing,  their  potential 
energy  vanishes,  while  the  kinetic  energy  of  chemical  motion  appears.  In 
gunpowder  there  is  a  magazine  of  potential  energy  in  virtue  of  a  certain 
relative  position  of  its  constituent  molecules,  in  consequence  of  which, 
they — when  their  movement  is  initiated  by  a  spark — rush  into  new 
combinations.  Potential  energy  then  disappears  and  gives  place  to  the 
actual  or  kinetic  energy  of  chemical  motion,  and  this  in  turn  produces 
the  kinetic  energies  of  heat  and  mechanical  movement. 

Transformation  of  Energy. — As  kinetic  energy  is  the  energy  of 
motion,  and  the  various  modes  of  motion  are  termed  kinetic  energies ; 
therefore,  one  form  of  kinetic  energy  can  be  transformed  into  another. 
Moreover,  potential  can  give  rise  to  kinetic,  and  this  in  turn  to  potential 
energy.  Thus  in  lifting  a  weight,  kinetic  energy  vanishes,  and  its 
equivalent  of  potential  energy  appears.  When  the  weight  falls,  its 
potential  energy  disappears,  and  its  equivalent  of  kinetic  energy  is 
obtained. 

In  the  potential  state  there  is  no  motion ;  because  the  tendency  to 
move  is  overcome  by  some  force  of  resistance.  TIius  in  the  case  of  a 
weight  held  at  a  distance  from  the  earth,  the  force  that  resists  the  pass- 
age of  the  potential  into  the  kinetic  state  is  in  the  support.  The  resist- 
ance that  prevents  the  atoms  of  carbon  and  oxygen  from  uniting  at  the 
ordinary  temperature  is  probably  to  be  found  in  the  attraction  by  which 
the  atoms  of  carbon  cling  together  and  form  molecules,  and  similarly  in 
the  case  of  oxygen.  A  power  that  can  overcome  the  resisting  force  is 
needed  to  liberate  a  body  from  the  potential,  and  allow  of  its  passing 
into  the  kinetic  condition.  Such  a  power  is  termed  a  liberating  energy. 
Thus,  the  withdrawal  of  the  support  liberates  the  suspended  weight ;  the 
pulling  of  the  trigger  liberates  the  bent  crossbow ;  a  spark  liberates  the 
energy  of  the  gunpowder;  an  electrical  or  nervous  stimulus,  whenajDplied 
to  muscle,  liberates  the  potential  energy  of  its  chemical  material.  In  all 
these  cases  the  liberator  is  some  form  of  kinetic  energy,  whose  work  may 
be  merely  that  of  overcoming  the  resisting  force  ;  just  as  the  liberator 
who  opens  the  door  of  a  prisoner's  cell  merely  overcomes  the  resistance 
it  offers  to  his  escape,  and  does  not  supply  the  energy  with  which  he  goes 
hence. 

Kelation  of  Plant  to  Andial. — As  regards  energy,  plant  and 
animal  are  related  thus  : — The  sun's  light  and  heat  enable  tlie  tissues  of 
the  green  plant  to  break  up  carbonic  acid  and  to  build  up  the  carbon  with 
other  elements  derived  from  water,  ammonia,  etc.,  into  complex  organic 
molecules,  some  nitrogenous,  others  non-nitrogenous.  These  are  stores 
of  potential  energy,  because  the  atoms  of  carbon,  hydrogen,  nitrogen,  and, 
it  may  be  other  elements,  are  in  such  mutual  relation  that  their  chemical 
afllnity  is  only  partially  satisfied.    Thus,  take  such  a  comparatively 
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simple  case  as  that  of  grape-sugar.  The  hypothetical  relations  of  atoms 
in  the  molecule,  Cg  Hjg  Og  may  be  thus  represented  : — 

H  H  H  H 

H— C— i— i— C— C— C— H 

I     i  J,    1    I  I 

0  0  0    0  0  0 

1  I  I    I   I  I 

H   H  H  H  H  H 

The  graphic  formula  indicates  that  in  the  molecule  the  position  of  the 
carbon  atoms  is  such,  that  they  are  probably  linked  one  to  another  and 
to  hydrogen.  But  the  attraction  of  carbon  and  hydrogen  for  oxygen  is 
far  more  powerful  than  either  that  between  carbon  and  carbon,  or 
between  carbon  and  hydrogen  ;  therefore,  when  the  sugar  is  burned, 
every  atom  of  carbon  and  of  hydrogen  becomes  fully  linked  with  oxygen, 
carbonic  acid  and  water  being  the  material,  and  the  evolution  of  heat  the 
kinetic  result.  Such  a  change  doubtless  takes  place  when  the  sugar  is 
burned  in  the  animal  organism,  and  therefore  it  may  be  stated  generally, 
that  while  the  plant  accumulates  potential,  the  animal  transforms  this  potential 
into  the  various  kinetic  energies  of  the  body,  all  of  them  finally  becoming 
heat  and  radiating  into  space. 

The  principal  chemical  change  in  the  animal  body  whereby  the 
potential  energy  of  the  food  becomes  kinetic  is  undoubtedly  oxidation ; 
but  this  is  not  the  only  source.  It  is  also  produced  whenever  a  complex 
organic  molecule  merely  splits  up  into  simpler  molecules  in  which  the 
atoms  are  so  rearranged  that  their  mutual  affinities  are  more  perfectly 
satisfied.  Such  a  change  is  illustrated  in  the  alcoholic  fermentation  of 
grape-sugar.  It  is  commonly  stated  that  a  molecule  of  grape-sugar 
(Cg  Hj.2  Og)  splits  up  into  two  molecules  of  alcohol  (Cg  Hg  0)  and  two 
of  carbonic  acid  (COg) ;  but  Pasteur  has  shown  that  small  quantities  of 
glycerine,  and  succinic  acid  are  also  produced ;  nevertheless,  as  alcohol  and 
carbonic  acid  are  the  chief  results,  only  their  composition  need  be  contrasted 
with  that  of  the  sugar,  in  considering  the  changes.  From  the  following 
graphic  formulte  it  appears  that  the  affinities  of  the  carbon,  at  all  events, 
are  more  satisfied  by  the  change,  the  energetic  result  of  which  is  the 
evolution  of  heat. 

Glucose.  Alcohol.  Carbonic  Acid. 
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Conservation  of  Energy. — Not  only  are  the  various  forms  of 
energy  mutually  convertible,  but  there  is  a  definite  quantitative  relation 
between  them  ;  a  certain  amount  of  one  sort  of  energy  being  equivalent 
to  a  definite  quantity  of  some  other.  In  their  transformations  nothing  is 
lost,  for  energy,  like  matter,  is  believed  to  be  indestructible;  or  as  it 
may  be  otherwise  expressed,  the  sum  of  the  potential  and  kinetic  energies  of  the 
universe  is  constant.    This  is  the  law  of  the  conservation  of  energy.  This 
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law,  tliougli  elaborated  by  Helmholfcz  and  others,  was  founded  on  experi- 
ments made  by  Joule,  who  proved  the  quantitative  equivalence  of  heat 
and  mechanical  movement.  He  found  that  when  a  pound  of  water  falls 
through  a  height  of  772  feet,  its  temperature  is  raised  1°  Fahr.,  and  that 
if  the  amount  of  heat  necessary  to  elevate  the  temperature  of  one  pound 
of  water  1°  Fahr.  be  converted  into  ordinary  motion,  it  can  lift  one  pound 
to  the  height  of  7 7 2. feet  from  the  surface  of  the  earth. 

The  principle  of  the  conservation  of  energy  has  been  proved  to  be  a 
law  in  the  inorganic  world,  but  owing  to  the  excessive  difficulty  of  the 
IDroblem,  especially  as  regards  the  estimation  of  nerve-energy,  its  universal 
truth  in  physiology  has  neither  been  proved  nor  disproved.  But  as  every 
definitely  ascertained  fact  is  in  harmony  with  the  principle,  it  is  jyi'ovisiovr 
ally  accepted  as  a  probable  hypothesis  on  lohich  to  proceed/  and  when  we 
consider  that  a  denial  of  the  law  implies  that  the  living  alone  amongst  things 
material  have  the  poicer  of  creating  or  destroying  energy,  and  seeing  that  they 
certainly  have  not  this  power  over  matter,  Ave  cannot  but  prefer  to  entertain 
the  hyioothesis  that  the  law  of  the  conservation  of  energy  extends  to  vital 
operations. 

Dissipation  of  Energy.— When  the  bow  is  drawn  across  a  violin 
string  the  mechanical  energy  is  not  entirely  converted  into  sound,  but  a 
portion  of  it  is  through  friction  dissipated  into  heat — a  useless  form  of 
energy  in  this  particular  instance.  Again,  in  winding  up  a  watch,  the 
spring  does  not  obtain  the  full  equivalent  of  the  mechanical  energy  em- 
ployed, because  through  friction  a  portion  is  dissipated  into  heat.  All 
energy  tends  ultimately  to  assume  the  form  of  heat,  and  as  such  dissipates 
away  from  every  working  system.  Thus  in  the  body  the  chemical  energy 
of  the  food  produces  mechanical,  nervous,  and  other  energies  ;  ultimately, 
however,  all  are  transformed  into  heat  that  dissipates  away  into  space. 

Measurement  of  Energy. — Energy  being  the  power  of  doing  work,  its 
quantity  may  be  indicated  by  the  amount  of  work.  Quantities  of  mechanical 
energy  are  indicated  by  units  of  mechanical  work.  The  English  mechani- 
cal unit  is  the  fool-piound  ;  that  is,  the  amount  of  energy  required  to  raise 
one  pound  to  the  height  of  one  foot  from  the  earth's  surface.  The  metric 
mechanical  units  are  the  kilogr ammeter,  the  gramcentimeter,  and  the  gram- 
millimeter,  these  indicating  respectively  the  amounts  of  energy  needed  to 
lift  a  kilogramme  to  the  height  of  a  meter,  and  a  gi-amme  to  the  height  of 
a  centimeter  or  a  millimeter. 

Quantities  of  thermal  energy  are  expressed  in  heat  units.  The  English 
heat  unit  is  the  pound-degree ;  that  is,  the  amount  of  heat  required  to  raise 
one  pound  of  water  1°  Fahr.  The  metric  units  are  the  kilogram-degree 
and  the  gram-degree  ;  these  respectively  indicating  the  amount  of  heat 
needed  to  raise  a  kilogramme  and  a  gramme  of  water  1°  C.  From  Joule's 
discovery — already  alluded  to — of  the  definite  quantitative  relation  be- 
tween mechanical  and  thermal  energy,  77 2  foot-pounds  are  equiAvalent  to 
1  pound-degree ;  that  is,  the  heat  required  to  raise  one  pound  of  water 
1°  Fahr.  could,  if  entirely  converted  into  mechanical  work,  lift  one  pound 
to  the  height  of  772  feet.  On  the  metric  system  the  mechanical  equiva- 
lent of  1  kilogram-degree  is  424  kilogrammeters. 

The  three  great  working  systems  of  the  body  are  the  muscular,  the 
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glandular,  and  the  nervous.  1.  Muscular  work  being  mechanical  is  readUy 
expressed  in  mechanical  units.  Thus,  if  we  hook  a  weight  of  say  20 
grammes  to  a  frog's  muscle,  excite  contraction,  and  observe  that  the 
weight  is  lifted  say  2  millimeters,  then  20  x  2  =  40  grammillimeters  of 
work.  2.  The  work  of  a  gland  is  to  produce  a  secretion.  Many  of  the 
substances  found  in  secretions  are  produced  within  the  gland  tissue,  wliile 
others  are  merely  abstracted  by  it  from  the  blood.  But  whether  pro- 
ducing or  merely  abstracting,  the  work  of  the  gland  is  indicated  by  the 
amount  of  each  constituent  that  enters  the  secretion  in  a  unit  of  time. 
3.  In  the  nervous  system  the  estimation  of  its  work  has  as  yet  been  only 
roughly  indicated.  Seeing  that  all  energy  ultimately  assumes  the  form  of 
heat,  one  might  anticipate,  on  theoretical  grounds,  that  the  energy  of 
nerve  motion  as  it  sweeps  through  a  nerve  would  be  indicated  by  the 
extent  to  which  the  nerve  becomes  heated.  But  the  heat  evolved  is  so 
small  in  amount  that  some  reliable  investigators  have  failed  to  detect  it. 
The  intensity  of  the  excitement  of  a  nerve  is  therefore  approximately  in- 
dicated by  observing  the  effect  it  produces  on  a  terminal  organ,  such  as  a 
muscle,  or  by  measuring  the  amount  of  electrical  disturbance  set  up  in  a 
nerve  during  its  excitement  by  the  method  to  be  afterwards  described. 

But  in  intellectual  processes  we  have  no  means  of  measuring  the  energy 
expended.  We  are  as  certain  that  it  requires  more  work  to  sum  up  a 
hundred  than  to  sum  up  ten  figures,  as  we  are  of  the  fact,  that  more 
mechanical  work  is  needed  to  lift  a  weight  one  hundred  than  to  lift  it  ten 
feet.  But  while  we  know  that  to  lift  the  weight  one  hundred  feet  is  just 
ten  times  the  work  of  lifting  it  ten  feet,  we  cannot  say  the  same  of  the 
addition  of  the  figures,  for  the  summation  of  2,  2,  2,  2,  requires  from 
most  persons  less  work  than  the  summation  of  9,  7,  8,  7.  Unlike 
mechanical  work,  mental  work  is  extremely  varied,  and  it  is  only  roughly 
estimated  by  standards  of  the  most  arbitrary  kind.  The  rough  ideas 
regarding  mental  work  arrived  at  by  common  experience  are,  however, 
of  great  value  in  the  ordinary  routine  of  life  and  in  practical  medicine. 
Thus,  if  we  have  to  deal  with  a  person  whose  brain-power  has  been 
weakened  by  disease,  we  are  careful  to  reduce  his  brain-work  to  a  mini- 
mum. We  take  care  that  if  he  reads  at  all  it  shall  only  be  light  literature. 
In  conversation  we  avoid  all  topics  that  would  compel  him  to  think  deeplj'-. 
We  refram  from  asking  questions  that  would  tax  his  memory.  All 
argument  is  carefully  avoided.  We  would  never  expect  such  a  person  to 
work  out  a  complicated  mathematical  problem  or  to  make  a  speech,  because 
it  is  an  everyday  experience  that  these  require  vigorous  mental  effort. 
But  although  we  have  some  idea  of  the  quantity  of  work  that  this  or  that 
mental  exercise  requires,  it  is  at  best  so  rough  and  indefinite  that  the 
exact  measurement  of  mental  work  is  really  quite  outside  the  domain  of 
exact  science. 

Physiology  is  not  an  exact  science  like  physics  and  chemistry,  because 
we  cannot  accurately  measure  all  the  various  kinds  of  work  that  an  indi- 
vidual can  perform.  We  cannot  predict  that  two  individuals  apparently 
similar,  who  consume  the  same  daily  amount  of  the  same  food,  will  be 
able  to  perform  the  same  amount  of  work,  even  when,  as  in  the  case  of 
mechanical  work,  it  can  be  measured  with  tolerable  accuracy.  We  cannot 
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even  predict  that  the  same  individual  will  be  able  to  perform  the  same 
amount  of  the  same  kind  of  work  from  day  to  day,  even  when  he  con- 
sumes food  similar  in  quantity  and  quality.  We  cannot  even  predict  that 
if  the  same  stimulus  be  applied  to  two  nerves,  the  amount  of  excitement 
will  be  the  same  in  both.  From  some  cause  unknown  to  us  the  one  nerve 
may  be  more  irritable  than  the  other,  and  on  that  account  suffer  greater 
excitement.  The  organisation  of  animals,  even  of  the  same  species,  is  in 
its  fiuer  details  infinitely  varied.  Some  of  their  machinery,  especially  the 
nervous  and  glandular,  is  readily  affected  by  various  conditions  that 
modify  the  working  power  in  a  manner  and  to  an  extent  so  obscure  that 
it  would  be  impossible  to  accurately  predict  the  work  that  can  be  done, 
even  if  that  work  could  be  exactly  gauged.  Certainly  physiology  will  yet 
become  much  more  exact  than  it  is  at  present,  but  it  may  safely  be 
predicted  that  complete  exactness  in  every  department  will  never  be 
attained. 


CHAPTEE  III. 

THE  USE  OF  THE  MICROSCOPE. 

The  magnifying  powers  of  the  microscope  commonly  employed  in  histo- 
logical (to-Tos,  web)  studies  vary  from  about  50  to  1500  diameters  linear. 
Still  higlier  powers  are  sometimes  had  recourse  to,  but  the  properties  of 
light  itself,  apart  from  the  difficulty  in  constructing  lenses  of  very  high 
power,  render  them  of  no  very  great  service ;  indeed,  the  investigations 
of  Abbe  {Op.  9,  xiv.  p.  191)  and  of  Helmholtz  (Oj).  9,  xvi.  p.  15)  show 
that  the  lenses  now  constructed  have,  as  regards  magnif^dng  powers, 
reached  the  limit  of  usefulness  ;  and  that  there  is  little  to  be  gained  by 
employing  lenses  that  magnify  more  than  1500  diam.  ;  for,  above  this 
power,  the  delusive  effects  of  diffraction  became  very  serious — so  much 
so,  that  no  microscope  has  yet  been  constructed,  nor  will  it  ever  be  (Abbe), 
with  a  useful  magnifying  power  that  reaches  4000  diam.  If  such  be  the 
case,  it  is  calculated  that  objects  less  than  ^^00(^0  i^^^  must  remain  in- 
visible ;  and  although  Dallinger's  (Oj).  9,  xviL  p.  224)  observations  show 
that  this  limit  determined  by  mathematical  calculation  is  rather  too 
narrow,  there  seems  no  reason  for  supposing  that  it  is  likely  to  be  very 
materially  extended.  "We  must,  therefore,  rest  satisfied  with  the  thought 
that  we  can  only  see  masses  of  matter  that  are  immensely  larger  than  the 
molecules  of  which  they  are  composed.  The  finest  structure  of  molecular 
mechanisms  must  remain  invisible.  One  must,  therefore,  guard  against  the 
supposition  that  identical  physiological  properties  must  belong  to  things 
that  have  an  apparently  similar  structure  when  seen  with  an  instrument 
so  limited  in  power  as  the  microscope — e.g.,  it  reveals  no  noteworthy 
difference  between  the  germ  of  a  rabbit  and  that  of  a  dog ;  and  yet,  from 
observing  the  results  of  their  activity,  wc  are  obliged  to  conclude  that 
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there  must  be  some  essential  difference  between  them.  This  instrument, 
then,  deals  with  tolerably  large  masses  of  matter ;  revealing  their  con- 
figuration when  their  outlines  are  evident,  and  their  visible  movements 
when  these  are  of  sufficient  extent. 

The  Size  of  Microscopic  Objects  is  in  this  country  commonly  indi- 
cated in  fractions  of  an  inch.  On  the  Continent  the  unit  of  microscopic 
size  now  commonly  adopted  is  the  micro-millimeter.  This  unit  is  the  one 
thousandth  of  a  millimeter  (0'0000397  inch).  In  writing  it  is  indicated 
by  the  letter  /j,,  and  in  speaking  may  be  conveniently  shortened  to  micro. 
The  human  blood-corpuscle  being  a  well-known  object,  and  of  tolerably 
constant  size,  its  breadth  is  sometimes  for  convenience  used  as  the  histo- 
logical unit.    Its  broad  diameter  is  -g-oVjr  inch,  or  8  /jl. 

Granule,  Globule. — A  granule  is  a  particle  of  indefinite  shape  and 
size,  but  so  minute  that  it  must  be  magnified  200  or  300  diam.  to  render 
it  visible.  If  such  a  particle  be  uni- 
formly dark  without  any  light  centre, 
it  may  be  termed  a  fine  granule  (a, 
Fig.  2),  while  if  it  have  a  light  centre 
with  a  dark  outline  (b),  it  may  be 
termed  a  coarse  granule.  That  this 
variation  in  optical  character  is  simply 
the  result  of  a  difference  in  size  is 
proved  by  the  fact  that  when  a  is 
more  highly  magnified,  it  presents  the 
characters  of  b,  and  conversely,  when 
b  is  less  highly  magnified,  it  presents 
the  characters  of  a.  The  term  globule 
is  applied  to  a  particle  having,  hke 
the  coarse  granule,  a  clear  centre  with 
a  dark  margin,  but  possessing  a  glo- 
bular shape  (c). 

Fibre,  Fibril. — A  fibre  is  an 
elongated  tliread-like  body.  If  it  be 
extremely  fine,  it  presents  nothing 
but  a  dark  line  without  any  light 
centre  (d,  Fig.  2).  To  a  fibre  of  such  tenuity  the  term  fibril  is  often 
applied.  If  the  fibre  be  of  relatively  greater  breadth,  it  has  a  light  centre 
bounded  on  each  side  by  a  single  dark  outline  (e). 

Tubule,  Membrane. — A  tubule  presents  a  light  centre  bounded  on 
each  side  by  a  single  dark  outline,  if  the  wall  be  exceedingly  thin,  or  if  a 
•low  magnifying  power  be  employed  (/,  Fig.  2) ;  but  if  the  wall  be  of 
considerable  thickness,  or  if  the  magnifying  power  be  high,  a  double 
contour  may  be  seen  on  each  side  of  the  clear  centre  (g).  But  if  it  happen 
that  the  contents  of  the  tubule  have  a  refractive  index  the  same  or  nearly 
the  same  as  that  of  the  wall,  it  may  be  impossible  to  see  a  double  contour 
even  when  the  envelope  is  tolerably  thick,  because  of  its  inner  margin 
being  undefined.  The  term  membrane  is  applied  to  any  sheet  of  tissue  {h). 
It  may  present  a  homogeneous,  fibrillated,  or  other  appearance.  It  may 
form  the  wall  of  a  tube  or  cell,  or  be  otherwise  extended.    When  excess- 
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Fig.  2.  a,  Fiue  granules  ;  6,  coarse  granules  ; 
c,  globules  ;  d;  fine  fibre  or  fitril ;  e,  coarse 
fibre  ;  /,  fine  tubule  ;  g,  coarse  tubule  ;  ft, 
membrane.  Magnified  300  diam. 
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ively  thin,  its  edge  shows  only  a  single  dark  line,  but  if  sufficiently  thick, 
or  if  it  be  very  highly  magnified,  it  shows  a  dark  outline  with  a  clear 
band  in  the  centre.  It  may  be  gathered  from  the  preceding,  that  micro- 
scopic appearances  very  largely  depend  on  two  variables — the  magnitude 
of  the  object  and  the  magnifying  poioer  employed,  and  that  the  necessarily 
vague  terms  fine  and  coarse  are  merely  adopted  for  convenience  of  descrip- 
tion. Generally  speaking,  however,  the  bodies  a,  d,  and  /  (Fig.  2)  are 
described  as  fine,  because  of  the  characters  they  exhibit  under  the  ordinary 
medium  magnifying  power  of  300  diameters. 


CHAPTER  IV. 


THE  CELL. 


PROTOPLASM. 


Fig.  3. 


Prolamoiba.  a,  In  its  onliimry  stnte  ;  6,  dividing ; 
c,  divided.    X  about  1000  diam.  (Haickel.) 


The  lowest  living  forms,  of  which  the  protamoeba  (Fig.  3)  is  an  example, 
consist  of  simple  undifferentiated  protoplasm,  and  nothing  more.  Proto- 
plasm is  also  found  in  the  tissues  of  all  plants  and  animals,  however  com- 
plex. It  may  be  advantage- 
ously studied  microscopically 
in  certain  cells  of  the  trades- 
cantia  plant  (Fig.  6),  in  the 
white  blood-corpuscles  of  the 
newt  (Fig.  13),  as  well  as  in  the 
amoeba  and  protamoeba.  Proto- 
plasm, considered  physically,  is 
a  colourless,  transparent  jelly- 
like substance,  that  may  be 
finely  granular  or  hyaline.  Its  consistence  varies,  being  in  some  cases 
semi-fluid,  and  though  in  others  it  preserves  a  definite  form,  it  is  always 
soft.  Although  apparently  structureless,  it  must  be  maintained  as  a 
hypotliesis  that  the  molecules  of  the  various  substances  of  which  it  con- 
sists are  not  thrown  together  indefinitely,  but  form  an  organised  mole- 
cular machinery,  capable  of  invisible  and  visible  movements,  that  give  rise 
to  the  phenomena  of  life.  Protoplasm  is  rendered  excessively  hyaline,  and 
may  disappear,  in  acetic  acid  or  in  caustic  alkali.  It  uslially  has  a  marked 
afiinity  for  such  pigments  as  carmine,  logwood,  and  rosaniline  nitrate' 
(magenta).  Considered  chemically  it  has  a  very  complex  but  not  definitely 
ascertained  composition.  As  living  protoplasm  cannot  be  subjected  to 
chemical  analysis,  its  composition  is  merely  inferred  from  that  of  proto- 
plasm analysed  as  soon  after  death  as  possible.  Knowledge  thus  attained, 
however,  can  only  be  approximative,  for  instability  is  a  prominent  charac- 
teristic of  complex  nitrogenous  organic  compounds,  and  at  death  they  in 
some  instances  certainly  undergo  change.  Protoplasm  contains  albumi- 
nous or  proteid  substances  as  its  chief  solid  constituents.    There  are 
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always  small  quantities  of  carbohydrates,  of  fat  or  its  allies,  of  mineral 
salts,  and  a  large  quantity  of  water.  Like  albumin,  protoplasm  is  coagu- 
lated by  heat.  Living  protoplasm  is  the  arena  of  complex  chemical 
changes  which  are  very  imperfectly  known.  Considered  physiologically, 
2Jrotoplasm  is  the  physical  substratum  of  life.  It  is  excitable  or  irritable, 
and  when  its .  molecular  machinery  is  excited  it  becomes  the  seat  of 
motions  that  lead  to  results  characteristic  of  vitality.  In  all  cases  there 
are  the  invisible  molecular  movements  that  lead  to  nutrition  and  groivth  ; 
also,  there  is,  at  some  period  or  other  of  the  existence  of  the  proto^jlasm, 
a  visible  movement  that  ends  in  the  multiplicatimi  or  reproduction  of  the 
protoplasmic  mass.  Thus,  when  the  protamoeba  multiplies,  its  protoplasm 
becomes  as  it  were  constricted,  and  finally  separates  into  two  masses,  each 
one  a  protamoeba  (Fig.  3).  In  many  cases  the  protoplasm  exhibits  visible 
movements  not  ending  in  multiplication,  but  merely  in  a  locomotion  of 
the  whole  or  a  part  of  the  protoplasmic  mass.  Thus  in  some  vegetable 
cells  (Fig.  6)  a  streaming  movement  of  the  protoplasm  is  observed.  In 
free  masses  of  protoplasm,  such  as  protamoeba,  amoeba,  and  white  blood- 
corpuscles,  the  protoplasm  streams  indefinitely  in  this  or  that  direction, 
causing  indefinite  changes  of  shape  in  the  mass.  Tliis  kind  of  protoplasmic 
movement,  being  so  typically  illustrated  in  the  amoeba,  is  termed  amoe- 
boid. In  complex  living  things,  movements  that  lead  to  differentiation  or 
evolution  occur  in  protoplasm,  whereby  there  arise  protoplasmic  masses 
that  differ  widely  in  function ;  some  evolving  nerve-energy,  others  pro- 
ducing mechanical  energy,  others  secreting  bile,  urine,  and  so  on.  These 
different  acquirements  seem  to  result  from  some  subtle  cha^nge  in  the 
molecular  constitution  of  the  protoplasm.  Various  other  differentiations 
of  protoplasm  may  take  place,  but  these  can  only  be  studied  in  the  sequel. 

The  various  agents  by  which  living  protoplasm  can  be  excited  and 
thrown  into  motion  are  termed  in  this  connection  excitants,  stimulants, 
or  irritants.  They  are  always  forms  of  kinetic  energy,  e.g.  thermal,  elec- 
trical, mechanical,  and  chemical.  Their  special  effects,  however,  will  be 
afterwards  studied. 

YEAST. 

Many  facts  having  a  general  bearing  may  be  gathered  from  a  study  of 
some  simple  plant,  such  as  the  yeast  of  beer  {Torula  Cerevisice)  in  a  state  of 
active  growth.  The  average  size  of  the 
fully-developed  torula  being  only  12 
(tuW  i"ch),  it  is  necessary  to  magnify 
it  at  least  300  diameters  to  discern  its 
structure,  and  it  is  very  advantageous 
to  use  a  magnifying  power  of  1000  or 
1200  diam. 

Structure  of  Yeast. — Each  torula 
is  a  rounded  or  oval  corpuscle,  consisting 
of  a  thin  envelope  enclosing  a  finely- 
granular,  colourless  substance,  having  a 
slightly  dim  appearance  like  ground  glass  («,  Fig.  4).  The  envelope,  not- 
withstanding its  tenuity,  is  remarkably  tough,  but  by  foicible  pressure 

C 


Fig.  4.  Torula  Carcvisim.  Toralaj  willi  («) 
young,  (!))  older,  (c)  .still  older  bud  ;  d, 
torula  matured  by  pressure,   x  1200. 
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between  two -slips  of  glass  it  may  be  ruptured  and  its  contents  expelled 
{(I).  The  contained  matter  is  protoi^lasm,  Jn  the  larger  tornliB  there 
are  usually  one  or  more  vacuoles.  These  are  merely  spaces  containing 
fluid  that  appear  in  the  protoplasm  as  the  torula  grows.  Vacuoles  are 
far  more  common  in  the  protoplasmic  masses  of  plants  than  in  those  of 
animals. 

The  protoplasm  has  a  remarkable  affinity  for  some  pigments.  Rosani- 
line  nitrate  (magenta)  and  carmine  redden  it,  logwood  renders  it  violet. 
On  the  other  hand,  the  envelope  seems  to  have  no  affinity  for  these  dyes.- 
Tt  should  be  stated,  however,  that  when  a  concentrated  solution  of  the 
staining  agent  is  employed  the  envelope  necessarily  acquires  a  tint, 
apparently  not  because  of  any  attraction  for  the  dye,  but  merely  from  its 
being  permeated  by  an  intensely 'coloured  fluid.  The  dye  brings  into 
view  a  nucleus  amidst  the  protoplasm  of  some  of  the  larger  torulse,  but  its 
presence  is  by  no  means  constant. 

A  solution  of  osmic  acid  blackens  particles  of  fat  that  are.  usually 
present  in  the  protoplasm. 

Acetic  acid  and  solutions  of  caustic  alkali  have  no  effect  on  the 
envelope  of  the  torula,  but  tliey  render  the  protoplasm  so  clear  that,  after 
a  time,  it  becomes  impossible  to  see  anything  but  a  few  granules  in  its 
place.  This  is  due  to  the  envelope  being  chiefly  composed  of  cellulose, 
while  the  protoplasm  principally  consists  of  proteid  matter. 

DicVKLOPMiiNT  OF  Yeast. — There  is  no  proof  that  a  torula  ever  ori- 
ginates spontaneously.  It  certainly,  however,  springs  from  a  parent  in  the 
form  of  a  bud.  A  very  careful  examination  of  a  germinating  torula, 
magnified  al)out  1000  diam.,  is  required  to  trace  the  manner  in  which  the 
bud  grows,  and  the  use  of  a  staining  agent  is  indispensable.  The  bud,  in 
its  youngest  state,  is  a  particle  of  j^rotoplasm  continuous  with  that  of  its 
parent,  through  a  minute  aperture  in  the  envelope  of  the  latter  (a,  Fig.  4). 
The  protoplasm  of  the  parent  seems  to  be  the  only  part  concerned  in  ger- 
mination, the  sac  being  passive.  No  sac  is  discernible  around  the  bud 
in  the  first  instance,  but  ere  long  it  ajDpears,  extremely  thin  at  first,  but 
thickening  as  the  bud  enlarges  (b).  It  is  certain  that  the  sac  is  not  a 
deposit  from  the  surrounding  fluid,  for  the  torida  groM's  in  fluids  that  con- 
tain no  cellulose.  Nor  is  there  the  least  evidence  that  the  young  envelope 
grows  around  the  bud  from  the  parent  sac,  but  it  seems  quite  certain  that 
it  is  produced  by  the  protoplasm  which  it  envelopes.  It  cannot  be  main- 
tained, in  this  case  at  all  events,  that  the  outer  part  of  the  protoplasm 
becomes  transformed  into  the  envelope,  for  the  latter  consists  chiefly,  if 
not  entirely,  of  cellulose  (Cg  Hj,,  O5) ;  while  the  protoplasm  is  principally 
composed  of  proteid  matter,  that  contains  both  nitrogen  and  sulphur,  in 
addition  to  carbon,  hydrogen,  and  oxygen.  How  the  cellulose  is  formed 
by  the  protoplasm  is  unknown  ;  all  that  we  can  say  is,  that  it  in  some 
way  or  other  secretes  cellulose,  or  a  substance  that  becomes  cellulose,  the 
molecules  of  which  find  their  way  out  of  the  protoplasm  and  accumulate 
on  its  surface. 

As  the  bud  grows  older  it  enlarges,  owing  to  an  increase  in  the  mass 
of  its  protoplasm  and  of  its  cellulose  sac.  In  time  a  vacuole  appears ; 
and  before  or  after  this  the  bud  in  turn  germinates.    The  parent  torula, 
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and  each  of  its  oflPspring,  may  produce  three  or  four  buds,  which  hang- 
together  for  a  considerable  time  in  irregular  chains  and  clusters.  After 
the  toriUa  has  budded  to  its  full  ex-tent,  its  protoplasm  atrophies,  and 
•eventually  disappears,  leaving  its  passive  shell  empty.  There  is,  therefore, 
in  the  life-history  of  this  comparatively  simple  individual,  a  period  of 
active  growth,  followed  by  a  period  of  decline,  and  finally  by  death.  The 
torula  is — 1,  a  particle  of  simple  protoplasm  ;  2,  a  particle  of  protoplasm 
in  a  cellulose  envelope  ;  3,  an  envelope  from  which  the  protoplasm  has 
vanished.  In  the  first  stage  it  is  undifferentiated  in  structure ;  in  the 
second,  structural  differentiation  has  taken  place  ;  in  the  third  stage  the 
protoplasm,  the  cause  of  growth,  has  vanished. 

Protoplast  and  Periplast.— It  is  convenient  to  apply  the  term 
periplast  to  the  envelope  of  a  ^protoplasmic  mass,  whatever  be  its  chemical' 
nature  or  its  physical  aspect.  The  advantage  of  employing  this,  term  will 
afterwards  appear,  when  it  is  seen  that  in  fibrous  tissue,  the  homologue  of 
the  torula  envelope  is  a  bundle  of  fibrils ;  while  in  the  enamel  fibres  of 
a  tooth,  it  is  a  solid  prism  of  matter  chiefly  calcareous.  Adopting  this 
nomenclature,  the  three  structural  phases  in  the  life-history  of  the  torula 
may  be  thus  classified  :  1.  A  simple  protoplast.  2.  A  simple  or  nucleated 
protoplast  with  a  periplast.    3.  A  periplast  only. 

The  Cell. — The  torula  is  a  "  unicellular  organism;"  that  is,  it  con- 
sists of  a  single  morphological  unit — a  cell.  The  most  complex  plants  and 
animals  are  merely  aggregations  of  the  morphological  unit  variously 
arranged  and  vaiiously  modified.  The  units  differ  in  structure,  but  they 
are  all  either  (1)  a  protoplast,  simple  or  nucleated,  without  a  periplast ; 
or,  (2)  a  protoplast,  simple  or  nucleated,  with  a  periplast ;  or,  (3)  a  j)eri- 
plast  from  which  the  protoplast  has  disappeared.  In  the  sequel  the 
different  significations  that  have  been  attached  to  the  term  cell  will  be 
indicated  ;  but  for  the  present  it  is  enough  to  say  that  we  shall  use  it  to 
indicate  the  moiphological  unit,  preferring  the  term  cell  to  any  other,  on 
account  of  its  historical  significance,  and  also  because  it  is  short  and  con- 
venient. 

CHEincAL  Composition  of  Yeast. — Lilce  every  other  living  thing, 
yeast  consists  of  (I.)  organic  and  (II.)  mineral  matters.  The  organic  sub- 
stances are  —  1.  Proteid  or  albuminous  and  albuminoid  substances. 
What  proteids  are  present  in  this  particular  instance  has  not  been  fully 
ascertained ;  but  at  all  events  they  resemble  albumin  in  having  highly 
complex  molecules,  containing  C  H  N  0  S  in  quantities  not  precisely 
known.  There  is  also  an  albuminoid  matter  named  nuclein  (Hoppe- 
Seyler,  Op.  28,  p.  84)  that  contains  C  H  N  0  P,  but  whose  formula  is  not 
yet  settled.  2.  A  carbohydrate  in  the  form  of  cellulose  (Cg  Hj^  Og). 
3.  Neutral  fat  (C?  H?  0?),  the  composition  of  which  has  not  been  determined 
in  this  particular  instance ;  lecithin,  an  azotised  fat  (C^.^  Hg^  N  P  Og) ; 
and  cholesterin  (Cgr,  H^.^  0),  an  alcohol,  but  allied  to  the  fats  (Hoppe-Seyler, 
Op.  28,  pp.  79,  81).  4.  The  mineral  matters  are  water,  potassium  phos- 
phate, calcium  phosphate,  and  magnesium  sulphate. 

When  the  torula  is  burned,  its  organic  matter  is  oxidised,  and  other- 
wise resolved,  the  carbon  uniting  with  oxygen  to  form  carbonic  acid,  the 
hydrogen  with  oxygen  to  form  water,  and  with  nitrogen  to  form  ammonia, 
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while  the  sulpluir  of  tlie  proteids  and  the  phosphorus  of  the  nuclem 
cand  lecithin  unite  with  oxygen  and  hydrogen  to  form  sulphuric  and  phos- 
phoric acids,  which  combine  with  bases  and  remain  in  the  ash  with  all  the 
other  mineral  matters  save  water.  It  therefore  appears  that  a  part  of  the 
sulphur  and  phosphorus  in  the  ash,  formed  elements  in  the  organic  matter 
of  the  torula ;  from  which  it  is  evident  that  there  is  no  sharp  line  of 
demarcation  between  matters  termed  mineral  or  inorganic  and  those 
termed  organic. 

Were  tlie  torula  eaten  by  an  animal  and  slowly  burned  within  its 
body,  the  results  would  be  similar  to  those  of  the  more  rapid  oxidation, 
with  the  exception  of  the  ammonia,  which  would  be  mainly  represented 
by  urea  (CH^  0),  a  substance  closely  related  to  ammonia.  Within  the 
torula  the  above  substances  are  so  distributed  that  the  envelope  is  com- 
posed of  cellulose  saturated  with  water  containing  salts,  while  the  proto- 
plasm consists  of  the  other  organic  matters  above  mentioned,  together 
with  salts  and  water. 

Nutrition  an^d  Growth  of  Yeast. — Food.— The  torula  grows  readily 
in  a  fluid  containing 

Oxygen. 

Wiiter  (1I„  0). 

Cnne  siifjar  (Cu  H„2  Oj,). 

Aiiinioiiiuin  tartrate  (Cj  Hj  (NH.,)2  0^). 

I'otassiiiiu  phosphate  (KHj  PO4). 

Caleiuiii  pho.sphato  (Ca^  Pj  Oj). 

Magnesium  sulphate  (Mg  SOj). 

This  is  a  modification  of  Pasteur's  fluid,  devised  by  him '  for  tlie  cultiva- 
tion of  fungi.  The  torula  grows  best  when  sugar  is  present  in  the  above 
fluid,  but  it  also  grows  when  the  sugar  is  omitted,  with  this  diff'erence  in 
the  result,  tliat  when  sugar  is  absent  the  torulse  contain  no  neutral  fat 
(Pasteur).  As  the  case  is  simplified  by  omitting  the  sugar,  we  will  simplify 
the  case  by  ignoring  its  presence. 

Assimilation. — The  torula,  unlike  plants  containing  chlorophyll,  needs 
no  light,  but  the  molecular  machinery  of  its  protoplasm  can  do  nothing 
with  food-material  unless  it  be  excited  and  kept  iu  molecular  movement 
by  a  suitable  amount  of  heat,  25-35°  C.  (77-95°  F.)  Influenced  by  heat 
the  protoplasm  becomes  the  seat  of  metabolism,^  decomposes  ammonium 
tartrate  and  sulphuric  acid,  and  possibly  water,  and  builds  up  their  C,  H, 
N,  0,  and  S,  into  molecules  of  proteid  matter  of  unknown  but  certainly 
of  very  complex  composition.  This  action  of  the  protoplasm  is  the 
chemical  phase  of  its  assimilative  power,  and  seeing  that  this  is  a  plant,  its 
metabolism  chiefly  consists  in  the  integratio7i  of  complex  molecules  from 
those  that  are  relatively  simple. 

Yeast  is  considered  to  be  a  plant  because  its  protoplasm  has  the 
power  of  integrating  complex  organic  molecules,  and  also  because  its  peri- 
plast consists  of  cellulose.  Yet  yeast  difi"ers  from  higher  plants  inasmuch 
as  it  can,  like  an  animal,  take  its  nitrogen  from  pepsin  (Mayer),  a  sub- 

1  Pasteur  used  yeast  ash  in  place  of  the  minerals  mentioned  in  the  text  {Op.  13, 
vol.  xlvii.  p.  1011). 

This  term  was  first  used  by  Schwann  (0^;.  29,  p.  193)  to  signify  the  cliemical  changes 
that  take  place  in  organisms. 
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stance  allied  to  albumin  ;  indeed,  it  tlirives  better  on  this  than  on  any 
other  substance  known.  Ordinary  albumin,  however,  is  ill  adapted  for  its 
food.  As  regards  the  ceUulose  of  the  torula,  it  might  be  supposed  that 
it  is  produced  from  the  sugar  of  Pasteur's  fluid,  but  the  fact  that  the 
torula  grows  and  multiplies  when  sugar  is  omitted  suggests  that  it  is  in 
some  way  or  other  derived  from  the  proteid  material  of  the  protoplasm. 
Lecithin  and  cholesterin  are  also  probably  derived  from  the  proteid 
matters.  Very  probably,  however,  the  neutral  fat  is,  under  protoplasmic 
influence,  derived  from  sugar,  for,  as  already  stated,  it  is  not  produced 
when  sugar  is  absent. 

But  the  assimilative  jmvev  of  a  living  organism  has  ap/Mys/c«Z  as  well 
as  a  chemical  aspect.  The  substances  that  have  been  chemically  assimilated 
by  the  torula  are  built  up  into  structure.  Some  are  added  to  the  proto- 
plasm, while  others  pass  out  of  this  and  are  formed  into  a  firm  envelope. 
This  molecular  aggregation — which  constitutes  groioth — results  from  a 
jdastic  power  in  the  molecules  concerned.  In  a  crystal,  growth  also  results 
from  a  plastic  power  that  is  obviously  due  to  the  physical  forces  of  its 
molecules.  The  growth  of  the  living  particle,  however,  differs  in  detail 
very  notably  from  that  of  a  crystal;  for  while  the  latter  grows  by  the 
mere  accretion  (superposition)  of  Aomo^/ejieows  particles,  the  torula  grows /row 
ivithin,  heterogeneous  molecules  being  variously  located  in  the  process.  This 
mode  of  growth,  so  characteristic  of  vitality,  was,  like  chemical  assimila- 
tion, formerly  ascribed  to  a  hypothetical  vital  force.  But  just  as  chemical 
assimilation  is  now  ascribed  to  the  chemical  forces  of  the  atoms  and  mole- 
cules concerned,  so  plastic  assimilation  is  ascribed  to  their  physical  forces. 
The  death  of  the  torula  protoplasm,  which  takes  place  after  a  certain 
period  of  life,  notwithstanding  a  supply  of  suitable  food  and  exj^osure  to 
otherwise  normal  conditions,  probably  results  from  a  failure  of  assimilative 
power. 

JDisassimilation. — Plant  metabolism,  although  very  largely  integrative,  is 
however  not  entirely  so.  The  disintegi'ation,  or  regressive  metamorphosis, 
of  complex  organic  molecules  by  oxidation — so  marked  a  feature  in  animal 
metabolism — is  indeed  iia  abeyance,  yet  evidence  of  its  presence  is  to  be 
found  in  the  similar  character  of  the  respiration  of  plant  and  animal  proto- 
plasm. Both  absorb  oxygen  and  excrete  carbonic  acid,  and  although,  in 
the  animal  at.  all  events,  carbonic  acid  may  result  from  the  oxidation  of 
substances  that  have  never  been  assimilated  into  tissue,  yet  there  can  be 
no  doubt  that  its  formation  is  largely  due  to  the  disassimilation  or  disin- 
tegration of  molecules  that,  for  a  time,  played  their  part  in  the  living  tissue. 

As  respiration  occurs  in  the  protoplasm  of  plants  generally,  it  is  inferred  tliat  it  also 
takes  place  in  tonila,  and  when  it  grows,  as  it  certainly  can,  without  the  presence  of 
free  oxygen,  it  is  conjectured  that  it  obtains  o.xygen  from  sugar.  It  is  only  when  chlo- 
rophyll is  present  in  the  plant  that  there  is  supenulded  to  the  above  process  the  decom- 
position of  carbonic  acid  and  the  exhalation  of  oxygen  by  the  chlorophyll  when  influenced 
by  light. 

The  two  processes  of  assimilation  and  disassimilation  take  place  in  every 
protoplasmic  mass — Avhether  of  plant  or  animal.  When  the  two  processes 
are  exactly  balanced,  there  is  no  change  of  bulk  ;  when  assimilation  is  in 
excess,  growth  is  the  result ;  while,  on  the  other  hand,  atrophy  or  wast- 
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ing,  and  deaLh  ensue  wlien  assimilation  grows  feeble,  and  the  forces  that 
produce  disassimilation  obtain  the  mastery. 

The  remarkable  power  that  yeast  possesses  of  transforming  cane  into 
grape  sugar,  and  tlie  latter  into  alcohol,  will  be  considered  in  another 
chapter. 

Summary  of  the  Physiology  of  Yeast. — On  reviewing  the  intricate 
considerations  that  cluster  around  so  comparatively  simple  an  organism  as 
the  torula,  the  main  facts  may  be  grouped  as  follows  : — 1.  There  is  an 
orcjanised  structure.  2.  There  is  a  complex  chemical  cumposition  in  which 
molecules  of  organic  and  mineral  substances  are  associated  and  interact  in 
a  manner  of  which  we  know  next  to  nothing.  3.  There  are  movements 
which  give  rise  to  phenomena  that  constitute  the  life  of  the  torula.  These 
vital  i)henomena  are  mainly  the  three  fundamental  vital  characteristics 
met  with  in  every  organism,  viz.  nutrition,  grotvlh,  with  a  small  degree  of 
structural  differentiation  w  evolution,  and  reproduction.  These  are  funda- 
mental vital  characteristics  found  in  every  organism  save  the  very  lowest, 
e.g.  protamoiba,  where  tliere  is  no  sufficient  evidence  of  evolutionary  power 
in  its  ordinary  life-history  at  all  events. 

In  order  tliat  these  vital  movements  may  ensue,  there  must  be  a  free 
diffusion  of  water,  oxygen,  and  other  food-stuff's  into  the  torula.  The 
jihysico-chemical  forces  of  the  jirotoplasmic  molecules  doubtless  play  an 
important  jiart,  yet  here,  as  in  all  plants,  they  cannot  bring  about  the 
phenomena  of  life  Avithout  the  condaut  influence  of  heat.  The  living  jh-o- 
toplasni  is  excitable,  and  heat  is  its  normal  stimulus.  But  we  do  not  com- 
prehend how  it  is  that  the  energy  of  heat,  with  the  physico-chemical  forces 
of  tlie  protoplasmic  machinery,  produce  movements  that  lead  to  results 
characteristic  of  vitality.  To  know  this  secret  shotdd  require  a  complete 
hntiwledge  of  heat,  moleculur  fmxes,  and  the  molecular  machinery  of  proto- 
plasm. 

The  torula  may  be  dried  like  a  seed  of  corn,  and  preserved  for  an 
indefinite  i)eriod  without  losing  its  power  of  living.  In  the  dried  state 
vitality  is  dormant.  Tiiere  is  potential  but  no  actual  life.  When,  how- 
ever, heat  and  moisture  are  applied,  the  torula  actually  lives,  that  is,  its 
molecular  machinery  moves  in  a  way  that  leads  to  vital  results.  The 
torula  may  be  killed  by  exposure  to  a  high  temperature,  such  as  that  of 
boiling  water,  or  by  the  influence  of  such  agents  as  nitric  and  sulphuric 
acids.  When  such  is  the  case,  the  moisture  and  gentle  heat  that  under 
other  circumstances  led  to  vital  phenomena  now  induce  decomposition  of 
the  organism  ;  doubtless  because  the  too  powerful  heat  or  the  powerful 
acids  destroy  the  delicate  molecular  structure  of  the  protoplasm,  and  ren- 
der it  incapable  of  those  movements  that  end  in  nutrition  and  growth,  and 
capable  only  of  those  that  lead  to  a  total  disintegration  of  the  complex 
mechanism. 

HAIRS  OF  TRADESCANTIA. 

Tlie  hairs  on  the  stamens  of  Tradescantia  virginica  severally  consist  of 
a  series  of  morphological  uiuts  placed  end  to  end  (Fig.  6).  Each  unit  is  a 
cell,  and  is  homologous  with  the  entire  organism  of  the  torula,  but  a 
higher  evolution  has  here  taken  place.    As  in  the  torula,  there  is  a  cellu- 
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lose  periplast  enclosing  a  mass  of  protoplasm  {p,  Fig.  6),  but  a  part  of  the 
0^  protoplasm  has  been  differentiated  into 
a  spherical  vesicle  termed  a  nucleus  (n). 
In  the  fully  formed  cells  in  the  shaft  of 
the  hair,  the  protoplasm  stretches  in  a 
thread-like  form  amidst  large  vacuoles 
containing  a  wntery  fluid — the  cell-sap. 
In  these  cells  (Fig.  6)  a  streaming  motion 
of  the  protoplasm  may  be  witnessed  as 
long  as  the  cells  are  living.  The  whole 
substance  of  a  protoplasmic  thread  streams 
in  some  cases  towards,  in  others  from,  the 
mass  of  protoplasm  around  the  nucleus. 
On  arrival  at  the  cell  wall  it  flattens  out 
r  I  like  a  viscous  jelly,  and  streams  along  the 
interior  of  the  envelope.  A  better  exhi- 
froiu  "stamen  of  bition  of  the  physical  characters  of  proto- 
plasm could  scarcely  be  obtained. 

Although  we  do  not  comprehend  the 
manner  in  which  the  peculiar  protoplasmic  movement 
seen  in  this,  and  in  some  other  vegetable  cells  is  brought 
about,  it,  like  muscular  movement,  is  doubtless  de- 
pendent on  chemical  changes  in  the  protoplasm.  Of 
these  changes  we  know  nothing  further  than  this, 
that  respiration  is  indispensable.  In  the  absence  of 
oxj'gen  the  movement  soon  ceases,  and  in  an  atmo- 
sphere of  carbonic  acid  it  is  very  easily  arrested 
(Kiihne,  Op.  30,  jo.  106),  but  reappears  when  the  car- 
bonic acid  is  replaced  by  air. 

A  gentle  heat  hastens  the  movement,  doubtless  by 
accelerating  chemical  change,  but  if  the  temperature 
be  raised  to  45"'  C.  (113°  F.),  (Schultze),  the  movement 
ceases,  the  protoplasmic  threads  contract  and  break 
up  into  rounded  masses.  This  is  regarded  as  a  heat- 
stiffening,  similar  to  the  rigidity  produced  in  a  muscle  by  heat. 

When  a  shock  of  induced  electi'icity  is  transmitted  through  the  living 
protoplasm,  it  contracts,  somewhat  as  a  muscle  does  when  thus  stimulated. 
The  protoplasmic  threads  shorten,  and  being  soft,  break  up  into  rounded 
masses,  and  the  streaming  motions  cease,  just  as  happens  when  the  cell  is 
overheated  (Kiihne).  Owing  to  this  change  of  shape  on  stimulation,  it  is 
inferred  that  the  protoplasm  is  contractile,  and  although  the  streaming 
movement  has  not  been  explained,  it  probably  in  some  way  or  other  results 
from  contractility  (Kiihne). 

As  the  cells  grow  old,  the  vacuoles  enlarge,  the  protoplasm  gradually 
disappears,  and  nothing  but  the  cellulose-periplast  and  cell-sap  remain. 


Fig.  6.  Cell  from  liair 
shown  in  Fig.  5.  n.  Nu- 
cleus ;  J),  protoplasm  ; 
vacuole.  The  arrows  in- 
dicate the  direction  of  the 
protoplasmic  streams. 
X  400. 


AMCEBA. 


The  protamceba  (Fig.  3)  is  a  simple  undifferentiated  mass  of  pro- 
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toplasm.  In  the  amoeba  (Fig.  8)  tlie  protoplasm  (2j)  usually  encloses  a 
vesicular  nucleus  (n),  and  this  in  turn  a  granule  termed  a  nucleolus  («'). 
The  protoplasm  may  have  a  uniform  finely  graimlar  appearance,  but  in 
some  cases  its  outer  part  is  hyaline.  There  is  usually  no  periplast,  but 
sometimes  this  is  produced  by  the  protoplasm,  and  the  amceba  thus 
becomes  encysted  (D). 


A  n  r  J) 


Fig.  7.  A,  Amceba.  1}  C,  undergoing  division.  D,  quiescent  amceba  eueysted  :  s,  envelope  ; 
)|,  protoplasm  ;  ii,  nucleus,      nucleolus,    x  about  400.  (Hceckel.) 

Amoeboid  Movement. — The  protamcaba  and  the  non-encysted  amoeba 
constantly  exhil)it  in  their  normal  condition  a  motion  termed  amcehoid. 
This  is  characterised  by  indefinite  changes  of  shape  due  to  a  streaming 
motion  of  the  i)rotoplasm.  Protrusions  of  the  j^rotoplasm  {yseudopodia) 
occur  at  any  part  of  the  surface.  These  may  afterwards  be  M'ithdrawn,  or 
the  general  mass  of  the  protoplasm  may  move  towards  them,  and  thus  a 
locomotion  of  a  part  or  of  the  whole  of  the  amoeba  ensue.  Amoeboid 
movement  is  ascribed  to  contractility, — a  property  belonging  to  some 
forms  of  protoplasm  and  to  some  of  its  modifications,  whereby  its  particles 
assume  different  relative  positions,  and  tluis  occasion  an  indefinite  or 
definite  change  of  shape  in  the  mass  ;  thus,  when  a  muscle  contracts,  the 
change  of  shape  is  always  in  a  definite  direction,  but  in  amoeboid  masses  of 
pi'otoplasm  the  changes  of  shape  are  altogether  indefinite. 

The  study  of  amoeboid  motion  is  very  instructive,  for  it  leads  to 
the  conviction  that  within  a  continuous  protoplasmic  imit,  excitement  may  be 
partial  or  general.  A  shock  of  induced  electricity  sets  up  a  general  excite- 
ment, the  amceba  withdrawing  its  processes  and  becoming  spheroidal.  If 
the  shock  is  not  too  powerful,  the  amoeba  after  a  time  again  begins  to 
crawl  about,  but  with  shocks  of  gi'eat  intensity  the  contractile  substance 
is  paralysed.  When  the  amceba  comes  into  contact  with  solid  particles, 
it  throws  out  processes  around  them,  and  the  particles  are  thus  enveloped. 
It  seems  as  if  the  protoplasm  were  locally  excited  by  the  contact  of  the 
particles,  nevertheless,  processes  may  be  thrown  out  when  the  amosba  is 
not  in  contact  with  any  solid  matter. 

Cold  retards,  while  a  moderate  heat  accelerates  the  motion — doubt- 
less by  retarding  or  hastening  the  metabolism  on  which  the  mechanical 
movement  immediately  depends.  On  raising  the  temperatiu-e  from  40°  to 
45°  C.  (104°  to  113°  F.)  a  permanent  heat-stiffening  ensues,  owing  to 
coagulation  of  the  proteid  matter  of  the  protoplasm,  and  death  is  the 
result.  Similar  effects  are  produced  by  heat  on  the  contractile  substance 
of  muscle.  The  movements  of  the  amoeba  must  be  regarded  as  resulting 
from  chemical  changes  within  the  protoplasmic  machinery.     An  appro- 
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priate  external  stimulus,  such  as  an  electrical  shock,  may  induce  a  sudden 
discharge  of  energy,  but  often  the  movements  occur  without  any  apparent 
external  liberator.  It  is  convenient  to  apply  the  term  automatic  to  rhotions 
that  result  in  protoplasm  and  its  modifications  from  internal  causes.  In 
every  case,  however,  the  pabulum  needed  to  supply  the  protoplasm  with 
energising  material  must,  like  the  fuel  of  a  steam-engine,  necessarily 
come  from  without,  although,  when  once  the  proto2)lasmic  machinery  is 
thrown  into  the  motions  that  constitute  life,  the  liberation  of  the  energy 
of  the  explosive  material  may  result  automatically  and  not  from  external 
stimuli. 

Nutrition  of  Amceba. — The  amoeba  is  believed  to  be  an  animal, 
because  it  never  secretes  a  cellulose  periplast,  and  it  cannot  integrate 
protoplasm  out  of  simple  substances  like  a  plant.  Like  all  other  animals 
it  must  be  supplied  with  oxygen,  proteid  and  mineral  matters,  and  it 
may  be  that — as  in  most  animals — fats  and  carbohydrates  are  also 
required.  The  amceba  obtains  its  food  mostly  from  vegetable  organisms. 
The  animalcule  entangles  and  envelopes  them,  and  extracts  their  nutrient 
matter.  Probably  the  proteid  materials  of  the  food  particles  undergo 
a  sort  of  digestion,  and  are  thus  transformed  into  substances  that  readily, 
diffuse  throughout  the  amoebal  protoplasm  to  nourish  its  every  part.  The 
food-stuffs  are  assimilated  both  chemically  and  physically  (p.  20).  Much 
of  the  assimilated  food  is  doubtless  employed  for  the  building  up  of  new 
protoplasm ;  a  portion  of  it,  possibly  a  different  portion,  is,  like  the  fuel 
of  a  steam-engine,  destined  not  for  plastic  ends,  but  for  the  supply  of 
mechanical  energy.  At  the  same  time,  however,  we  are  unable  to  say 
whether  the  energising  material  is  not  at  some  time  or  other  a  part  of  the 
protoplasmic  framework,  or  merely  exists  within  its  interstices. 

The  amoeba,  like  every  other  protoplasmic  mass,  respires, — absorbing 
oxygen  and  excreting  carbonic  acid ;  the  admission  of  the  one  and  the 
escape  of  the  other  being  essential  for  its  vital  manifestations.  But  no 
doubt  carbonic  acid  is  not  its  only  waste  matter.  Effete  azotised  sub- 
stances doubtless  result  from  the  cUsassimilative  (disintegrative)  metabolism 
of  the  proteid  matter.  Of  the  nature  of  these  we  in  this  instance  know 
nothing,  but  probably  they  closely  resemble  creatin  (C^  Hg  Ng  0,)  or 
creatinin  (C^  N3  0),  effete  azotised  matters  derived  from  the  modified 
protoplasm  of  muscle. 

Reproduction  of  Amceba. — Both  the  protamoeba  (Fig.  3)  and  the 
amoeba  (Fig.  7)  multiply  hy  fission.  An  encircling  furrow  appears  in  the 
protoplasm,  gradually  deepening  until  the  mass  cleaves  into  two  distinct 
individuals.  In  the  amceba  the  fission  of  the  protoplasm  is  preceded  by 
that  of  the  nucleus  (Fig.  7,  B  G).  The  fissiparous  is  by  far  the  most 
common  mode  in  which  the  protoplasmic  unit  multiplies  in  the  plant  as 
well  as  in  the  animal.  It  is  one  of  the  most  characteristic  and  remarkable 
of  vital  movements.  Its  determining  cause  is  entirely  unknown.  In  the 
encysted  amoeba  (Fig.  7,  D)  the  cleavage  occurs  again  and  again  within 
the  periplast,  which  takes  no  share  in  tJie  production  of  the  new  units. 

THE  ovum. 

All  the  tissues  of  the  body  are  developed  from  the  impregnated  ovnm. 
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The  ovum  is  a  cell  morphologically  similar  to  the  encysted  amoeba  (Fig. 
7,  D).  It  (Fig.  8,  A)  has  an  envelope  or  periplast — the  zona  pelhicida  (s) ; 
enclosing  a  mass  of  protoplasm — the  yelk  (p).  Within  this  there  is  a 
nucleus — the  germinal  vesicle  {n),  and  a  nucleolus — the  germinal  spot  {n'). 
The  i3rotoplasm  is  peculiar  in  containing  many  fatty  particles. 


c  o 

Fig.  8.  Did'^'niins  to  illustrate  {A)  the  structure  of  the  manimalian  ovum,  and  <B,  C,  I),  E)  the 
cleavage  of  its  iiHcleated  protoplast,  n,  Nucleus ;      nucleolus  :  p,  protoplasm  ;  s,  perii)iast.  (Magn  ified. ) 

The  ovum  is  impregnated  by  one  or  more  spermatozoids  penetrating 
its  periplast  and  mingling  with  its  protoplasm,  in  which  they  break  down 
and  disappear.  This  is  preceded  or  immediately  followed  by  a  dis- 
appearance of  the  germinal  vesicle.  The  Avhole  jn-otoplasmic  mass  cleaves 
into  two  parts.  It  is  doubtful  Avhether  a  new  nucleus  appears  pre- 
vious to  cleavage,  but  usually  a  nucleus  mny  be  seen  in  each  segment 
(Zf).  The  nucleus  and  the  protojilasm  of  each  mass  divide  into  two  (C),  and 
this  process  is  repeated  again  and  again  until  a  vast  number  of  minute 
nucleated  protoplasts  are  produced  (E).  The  periplast  of  the  ovum  {zona 
pellucida)  remains  entirely  passive  ;  it  has  nothing  to  do  with  the  formation 
of  the  new  individual,  which  entirely  results  from  the  impregnated  proto- 
plasm. 

Germinal  Membrane. — The  multitude  of  nucleated  protoplasts  result- 
ing from  the  yelk-cleavage  arrange  themselves  in  the  form  of  a  membrane 
— the  germinal  membrane,  or  hladoderm — immediately  within  the  zona 
pellucida.  At  first  there  is  a  single  layer,  but  it  soon  divides  into 
two,  an  outer  and  an  inner,  termed  respectively  the  epiblast  and  hypo- 
blast. Soon  thereafter  a  third  layer — the  mesoblast — is  formed  between 
them,  and  all  three  take  a  share  in  the  production  of  the  tissues  of  the 
embryo  in  a  manner  to  be  afterwards  described  in  the  chapters  on 
Development. 

All  the  tissues  are  composed  of  repetitions  of  the  morphological  unit 
— the  cell — variously  arranged  and  variously  modified.    On  tracing  their 

development  from  the  germinal  mem- 
brane it  is  found  that  many  of  the 
units  undergo  remarkable  differentiations. 
The  units  that  became  white  blood- 
corpuscles  remain  as  nucleated  masses 
of  unenveloped  protoplasm,  exhibiting 
amojboid  movement.  Those  that  be- 
the  cells  of  secreting  epithelium 

in  coarser 

structure  they  resemble  white  blood-corpuscles,  they  must  have  under- 
gone  some   profound  physico-chemical  differentiation,  for  they  rarely 


Fig.  9.  The  three  layers  of  the  Wnstoderiii. 
c,  Epiblast ;  m,  mesohlast ;  7i,  hypoblast. 
(Balfour.) 


come 


also  remain  usually  without  a   periplast.     But  although 


exhibit  any  amosboid  movement,  and  are  the  active  agents  ot  secre- 
tion.    Some  of  them,  e.g.  the  epithelial  cells  of  the  kidney,  have  a 
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Special  attraction  for  urea,  uric  acid,  and  some  other  effete  substances 
which  they  withdraw  from  tlie  blood,  and  thus  act  as  scavengers  in  the 
bodily  economy.  Others  ai'e  the  seats  of  an  active  metabolism  for  the 
production  of  new  substances,  some  of  which,  e.g.  the  pepsin  formed  in 
the  gastric  glands,  discliarge  important  functions ;  -whilst  others,  e.g.  the 
bile-pigments  produced  in  the  cells  of  the  liver,  are  to  be  thrown  out  of 
the  organism  as  useless.  In  other  epithelial  cells  part  of  the  protoplasm 
is  modified  into  contractile  cilia.  In  yet  other  epithelial  cells,  e.g.  those 
covering  the  skin,  the  protoplasts  produce  horny  periplasts,  which  collect- 
ively form  a  pliable  but  resistent  covering  for  the  body,  and  thus  dis- 
charge an  important  mechanical  function. 

In  those  units  that  give  rise  to  connective,  cartilaginous,  osseous,  and 
dental  tissues,  the  striking  differentiation  consists  in  the  formation  of 
periplasts,  with  varying  physical  and  chemical  properties.  In  connective 
tissue  it  is  mostly  a  pliable  but  strongly  resisting  fibrous  tissue.  In  bone 
it  is  a  dense  and  unyielding  calcified  fibrous  tissue,  and  so  on.  In  all 
cases  the  j^eriplast  discharges  sm2)ly  a  j^ct'SSwe  mechanical  function,  acting 
as  a  delicate  jjacking  between  various  soft  tissues,  or  as  strong  membranes 
and  cords  for  the  binding  of  various  parts  together,  or  as  rigid  supports 
for  the  soft  parts  of  the  body,  as  in  bone. 

In  the  units  from  which  muscle  is  developed  the  protoplasm  is  so 
differentiated  that  it  becomes  elastic,  and  its  contraction  is  no  longer 
amoeboid,  but  in  a  definite  direction. 

In  the  units  that  become  nerve  cells  the  protoplasm  loses  its  contrac- 
tile power,  but  becomes  the  producer  of  nerve  energy  with  all  its  wonder- 
ful manifestations.  The  protoplasm  of  other  nerve  units  becomes  trans- 
formed into  the  delicate  fibrils  of  the  nervous  threads,  that  neither  exhibit 
contraction  nor  evolve  nerve  energy,  but  constitute  strands  of  highly 
excitable  tissue  that  may  be  thrown  into  invisible  motion  by  the  energy 
of  the  nerve  cell,  or  by  various  other  forms  of  energy,  and  thus  become 
the  means  of  conveying  swift  messages  between  distant  parts  of  the 
complicated  bodily  mechanism.  Full  details,  hoM^ever,  regarding  the 
manifold  physico-chemical  and  functional  differentiations  of  the  vaiious 
units  of  the  blastoderm,  as  they  develope  into  the  several  tissues,  can  only 
be  given  when  the  tissues  become  individually  the  subject  of  study.  But 
with  regard  to  the  morphology  of  the  several  tissue  units,  it  will  be  found 
that  each  unit  is  either 

1.  A  protoplast — usually  nucleated,  but  sometimes  simple — without  a 
periplast,  as  in  the  white  blood-corpuscles. 

2.  A  protoplast  usually  nucleated — with  a  periplast,  as  may  be  seen 
in  bone  and  cartilage. 

3.  A  periplast  from  which  the  protoplast  and  nucleus  have  vanished, 
as  in  the  enamel  fibres  of  the  teeth,  etc.  Sometimes,  however,  the  nucleus 
remains  within  the  periplast. 

To  these  three  categories  we  may  refer  all  the  morphological  forms  of 
the  tissue  units  met  with  in  complex  organisms,  and  it  is  to  be  observed 
that  their  prototypes  are  all  to  be  found  in  the  organisms  low  in  the  living 
scale;  thus — 1.  The  protamoeba  is  a  simple  protoplast.  The  amoeba  is  a 
protoplast  mostly  nucleated  and  mostly  without  a  periplast.    2.  The 
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toi'ula  is  a  simple  or  a  nucleated  protoplast,  with  a  periplast.  The 
tiadescantia  cell  is  a  nucleated  protoplast,  with  a  periplast ;  while  3.  The 
old  torula  and  the  old  tradescantia  cells  are  periplasts,  from  which  the 
protoplasts  have  vanished. 

THE  CELL  THEORY. 

Animal  histology  first  passed  from  seeming  chaos  into  the  order  of 
science  when  Schwann  (1838,  Op.  29)  brought  it  within  the  domain  of  the 
great  moiiDh ©logical  law,  that,  however  diverse  in  structure  and  function 
the  several  tissues  of  organisms  may  be,  "  there  is  one  universal  imncipU  for 
their  development,  and  that  principle  is  the  fwmation  of  cells"  (Op.  29,  p.  165). 
The  tissues  are  composed  of  cellular  units  and  intercellular  substance,  each 
unit  having  a  vitality  more  or  less  independent.  That  is  the  essence  of 
the  cell  theory,  which  was  first  enunciated  by  Schleiden  with  reference  to 
the  tissues  of  plants.  When  Schwann  applied  it  to  animal  tissues  he  hi'-d 
to  discharge  a  far  more  difiicult  task  than  Schleiden,  for  while  the  cellular 
units  are  readily  perceptible  in  vegetable  tissues  they  are  extremely 
difficult  to  detect  in  some  of  those  of  animals.  Schwann  proved  the  truth 
of  the  cell  theory  as  regards  the  tissues  of  higher  vertebrates  only,  but 
subsequent  investigations  have  shown  that  the  cell  theory  of  the  develop- 
ment and  constitution  of  organic  tissues  really  possesses  the  universal 
character  which  he  assigned  to  it. 

But  relying — as  Schwann  was  compelled  to  do — on  technical  methods 
of  microscopy  of  a  very  primitive  character,  it  is  not  surprising  that  he 
should  have  fallen  into  some  errors.  Thus  in  maintaining  that  "  cells  are 
formed  in  a  structureless  substance  '  cytoUastema '  which  lies  either  around 
or  in  the  interior  of  cells  already  existing"  {Op.  29,  p.  165),  he  fell  into  the 
error  of  sujjposing  that  cells  may  arise  de  novo,  by  a  sort  of  precipitation. 
To  Martin  Barry  {Op.  3,  years  1838-39)  belongs  the  credit  of  having  been 
the  first  to  correct  this  error,  and  to  maintain  that  every  cell  springs  from 
a  pre-existing  cell :  all  the  cells  of  the  body  arising  by  continuous  descent 
from  the  ovum.  This  theory  of  cell  descent  received  support  from  Goodsir's 
researches,  both  in  the  domain  of  physiology  and  of  pathology,  and  is 
now  all  but  uuiversallj''  accepted. 

Schwann  defined  a  cell  as  consisting  of  an  envelope,  cell  fluid,  and 
nucleus ;  the  protoplasm  of  the  cell  being  unknown  until  Von  Mohl  after- 
wards discovered  it  in  the  cells  of  plants.  In  describing  the  supposed  free 
development  of  cells  in  a  cytoblastema,  he  stated  that  the  nucleus  is  first 
formed  by  the  precipitation  and  coalescence  of  particles.  The  substance  of 
the  cell-wall  is  then  precipitated  around  it,  and  eventually  the  cell-fluid 
accumulates  between  them,  owing  to  imbibition,  and  to  a  power  of  the 
cell-membrane  to  chemically  alter  and  secrete  certain  substances.  Thus, 
although  Schwann  failed  to  demonstrate  an  envelope  around  the  cells  of 
pus  and  mucus,  yet  he  ascribed  the  production  of  the  perinuclear  matter 
of  a  cell  to  its  envelope.  Leydig  {Oj).  3 1 )  perceived  the  error,  and  maintained 
that  the  cell  membrane  is  only  a  condensed  outer  layer  of  the  cell  sub- 
stance, whose  importance  is  therefore  greater  than  that  of  its  hardened  crust, 
and  constitutes  the  material  substratum  for  vital  processes,  and  that  there- 
fore the  essential  structure  of  the  cellular  unit  is  a  mass  of  cell-substance 
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enclosing  a  nucleus.  Goodsir  had  already  pointed  out  the  division  of  the 
nucleus  as  the  first  step  in  cell  proliferation,  and  had  named  it  on  this 
account  the  (jermlnal  centre  of  the  cell.  Von  Mohl  discovered  protoplasm 
in  the  vegetable  cells.  Eemah,  perceiving  the  similarity  between  this  and 
the  perinuclear  substance  of  the  animal  cell,  and,  following  Leydig, 
maintained  that  the  essential  part  of  the  cellular  unit  is,  a  nucleated  mass  of 
protoplasm.  Notwithstanding  this,  however,  the  presence  of  an  envelope 
as  an  essential  part  of  the  cellular  element  was  contended  for  by  Virchow 
{Oj}.  32,  p.  12)  so  late  as  1858,  and  it  is  to  Beale  [Ojj.  33)  and  Max  Schultze 
[Op.  14,  year  1861,  p.  18  ;  Op.  34)  that  the  credit  belongs  of  having  finally 
brought  back  histologists  to  the  position  adopted  by  Leydig  and  Remak. 

But  it  had  already  been  shown  by  Brucke  {Oj}.  41)  that  the  nucleus  is  not^ 
universally  present  in  the  morphological  unit,  for  in  the  cells  of  fungi  it  is 
generally  absent.  Beale  showed  that  minute  particles  of  protoplasm  without 
nuclei  occur  in  the  blood.  Schultze  discovered  a  non-nucleated  variety  of 
amoeba  {Amoeba  porrecta),  and  Heeckel  found  a  non-nucleated  protista — the 
Protogenes  primordialis.  It  was  therefore  proposed  by  Hseckel,  that 
as  a  nucleated  mass  of  protoplasm  had  been  termed  a  cell  by  Schultze, 
a  non-nucleated  mass  should  be  termed  a  cytode.  At  first  glance 
this  nomeirclature  appears  advantageous.  Thus  the  protamceba  is 
a  cytode,  the  ordinary  amoeba  a  cell,  the  torula  a  cytode  with  an 
envelope,  and  the  ovum  a  coll  with  an  envelope  ;  but  we  are  landed  in 
difficulty  with  such  cases  as  the  old  vegetable  cell  from  which  the  proto- 
plasm has  disappeared  ;  the  enamel  fibres  of  the  teeth,  which  were  at  first 
cells,  but  have  become  rods  of  calcified  material  without  nucleus  or  proto- 
plasm;  the  coloured  corpuscles  of  lower  vertebrates,  which  have  a  nucleus 
and  cell -membrane,  but  whose  protoplasm  has  given  place  to  a 
pigment ;  and  the  mammalian  coloured  blood-corpuscle,  where  both 
nucleus  and  protoplasm  have  vanished.  Yet,  although  to  none  of  these 
cases  are  the  terms  cytode,  and  cell  in  its  restricted  sense,  applicable, 
they  are  all  well-defined  morphological  units,  in  which  peculiar  develop- 
ments have  occurred.  In  consequence  of  the  confusion  introduced  by  this 
change  in  the  significance  of  the  term  cell,  it  has  been  proposed  to  abandon 
it,  and  to  substitute  the  word  corpuscle,  but  as  this  term  is  too  vague,  and 
as  the  word  cell  is  classical,  it  is  still,  and  will  probably  always  be,  generally 
employed..  The  imperfection  of  the  proposed  nomenclature  lies  in  its 
ignoring  the  periplast  of  the  morphological  unit.  Thus  the  old  torula, 
the  enamel  fibre,  the  mammalian  red  blood-corpuscle,  although  they 
cannot  be  described  as  cell-envelopes,  and  still  less  as  intercellular  substance, 
may  nevertheless  be  correctly  termed  periplasts ;  that  is  to  say,  they  are 
morphological  units  in  which  a  protoplast — cytode  or  cell — once  existed, 
but  has  now  produced  and  given  place  to  a  periplast.  The  red  blood- 
corpuscle  of  lower  vertebrates  is  a  nucleated  periplast ;  that  is,  there  is 
a  nucleus  and  a  periplast,  but  no  protoplasm. 

We  might  therefore  indicate  the  cliief  varieties  of  the  morphological 
unit  by  designating  them  either — 

1.  A  cytode — simple  or  with  a  periplast. 

2.  A  cell  „  „ 

3.  A  periplast. 
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Or,  we  may  designate  them — 

1.  A  simple  protojjlast,  with  or  without  a  periplast. 

2.  A  nucleated  protoplast     „  „  „ 

3.  A  periplast. 

We  prefer  the  latter  nomenclature  because  it  allows  us  to  use  the, 
classical  term  cell  in  a  general  sense,  as  indicating  the  morphological 
unit  ;  although  it  must  be  admitted  that  it  is  sometimes,  e.g.  in  the  case  of 
cartilage,  convenient  to  apply  the  term  to  only  a  part  of  the  cellular 
unit — the  nucleated  protoplast. 

It  has  been  already  indicated  that  protoplasm  is  in  evolution  the 
primary  and  fundamental  part  of  the  morphological  unit ;  the  protamoeba 
consists  of  nothing  else.  The  nucleus,  however,  is  so  generally  present 
that  it  demands  a  careful  scrutiny.  In  young  cells  it  is  mostly  spherical, 
but  as  age  advances  it  may  become  oval  or  spindle-shaped.  In  some 
cases  it  presents  a  single  contour,  and  appears  to  be  solid,  while  in 
others  its  double  contour  indicates  a  vesicular  character.  Within  the 
vesicle  there  is  a  fluid,  and  it  has  recently  been  shown  by  Flemming, 
Klein  (Op.  8,  vol.  xv.  p.  315),  and  others  that  in  many  nuclei  there  is  a 
network  of  very  fine  fibrils.  The  nucleus  of  some  cells,  at  all  events — 
e.g.  pus-cells  and  blood-corpuscles — contains  an  albuminoid  substance 
termed  rmclein.  The  nucleus  has  a  stronger  affinity  than  protoplasm  for 
such  dyes  as  carmine  and  magenta;  but,  unlike  protoplasm,  it  is  not  readily 
affected  by  alkalies  and  acetic  acid.  And  yet,  though  physically  aiid 
chemically  different  from  protoplasm,  we  have  seen  that  it  behaves  simi- 
larly when  the  cell  multiplies  by  cleavage,  and,  indeed,  it  often  divides 
completely  before  the  surrounding  protoplasm  has  even  become  furrowed. 
This  power  of  germinating  suggests  that  the  nucleus  must  be  regarded  as 
a  near  modification  of  protoplasm,  and  Beale^  was  led  by  this  considera- 
tion to  embrace  the  nucleus  and  protoplasm  under  one  common  term — 
germinal  matler.  The  almost  universal  presence  of  the  nucleus  suggests 
that  it  possesses  some  important  function,  of  which,  however,  nothing  is 
definitely  known.  That  of  the  nucleolus  is  equally  obscure.  In  some  cases 
it  is  absent ;  in  others  one,  two,  three,  or  more  may  be  present.  The 
chemical  nature  of  the  nucleolus  is  quite  unknown. 

As  regards  the  periplast  of  the  cellular  unit,  it  must  be  specially 
remembered  that  the  term  periplast,  unlike  the  term  protoplasm,  indicates 
nothing  regarding  the  structural  nature  of  the  parts  to  which  it  is  applied, 
for  it  is  applicable  to  the  matrix  of  cartilage  and  bone,  the  sheath  of  mus- 
cular fibre,  and  the  fibres  of  connective  tissue.  It  merely  indicates  a 
genetic  relation,  and  implies  that  it  is  that  part  of  the  morphological  unit 
which  has  been  produced  by  the  protoplast,  simple  or  nucleated.  Although 
its  chemical  and  physical  characters  are  most  varied,  and  although  it  may, 
as  in  the  matrix  of  cartilage,  undergo  very  marked  physical  and  chemical 
changes,  it— unlike  the  protoplast — never  proliferates  and  produces  new  units. 

1  The  views  of  Beale,  according  to  which  he  gi-oups  the  parts  of  the  morphological 
unit  into  germinal  matter  and  formed  material,  cannot  he  discussed  until  the  structure 
of  the  elementary  tissues  is  detaUed.    It  ought,  liowever,  to  be  stated  here,  that  what 
we  term  periplast  is  not  always  applied  to  what  Beale  terms  "  formed  material. 
Neither  do  we  use  the  term  protoplasm  as  synonymous  with  "germinal  matter. 
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Cell  Multiplication. — The  simplest  mode  in  which  cells  multiply  is 
by  fletnmation.  We  have  already  studied  the  process  in  the  torula,  and  it 
is  sufficient  to  add  that  in  cells  where  the  protoplasm  is  nucleated,  the 
bud  simply  grows  from  the  outer  part  of  the  protoplasm  without  any 
apparent  participation  of  the  nucleus  in  the  process.  But  in  the  higher 
plants  and  animals  gemmation  is  rare  ;  the  common  mode  of  cell  multi- 
plication being /ssiOJi.  As  this  process  has  been  already  described  in  the 
protaraoeba,  amoeba,  and  ovum,  it  is  sufficient  to  observe  that  as  regai'ds 
the  division  of  the  protoplasm  the  process  is  similar  in  the  presence  or 
absence  of  the  nucleus,  but  when  the  nucleus  is  present  it  divides  before 
the  protoplasm,  and  when  the  protoplast  is  enveloped  in  a  periplast,  the 
division  of  the  former  does  not  implicate  the  latter. 

In  the  ovum  the  fission  of  the  protoplast  occurs  rapidly,  and  the  peri- 
plasts secreted  around  some  of  the  protoplasts  have  no  connection  with 
the  original  periplast — the  Zona  pellucida.  But  in  the  case  of  hyaline 
cartilage,  where  the  cell-division  usually  takes  place  slowly,  a  new  peri- 
plast is  formed  around  each  of  the  new  protoplasts.  The  two  layers  of 
the  periplast  between  the  apposed  surfaces  of  the  protoplasts  (Fig.  39) 
form  a  septum,  which  has  been  erroneously  supposed  to  grow  inwards 
from  the  original  perijjlast.  But  it  may  happen  that  the  cartilage 
protoplast  proliferates  rapidly,  and  a  brood  of  young  cells  is  enclosed 
within  the  original  periplast,  giving  rise  (Fig.  41)  to  an  appearance  not 
unlike  that  of  the  ovum  during  segmentation.  The  term  endogenous  is 
sometimes  applied  to  this  variety  of  the  fissiparous  mode.  There  are, 
therefore,  only  two  essentially  different  modes  in  which  the  cell  prolifer- 
ates— 1,  the  gemmiparous  ;  2,  the  fissi])arous — the  endogenous  mode  being 
only  a  variety  of  the  second  of  these. 

As  long  as  Schwann's  doctrine  of  the  free  formation  of  cells  in  a  cyto- 
blastema  outside  other  cells  was  believed,  the  term  exogenous  was  employed 
to  distinguish  this  mode.  But  as  the  production  of  cells  in  this  manner 
is  no  longer  generally  credited,  the  term  has  become  obsolete. 


CHAPTER  V. 

THE  GENERAL  CHEMISTRY  OF  THE  BODY. 

As  it  is  impossible  for  the  student  to  learn  fully  what  is  known  of  the 
chemistry  of  the  body  until  the  whole  subject  of  mitrition  has  been  studied 
in  detail,  it  is  proposed  to  give  in  this  chapter  merely  such  a  general 
oidline  of  the  subject  as  will  enable  him  to  comprehend  the  chemistry  and 
nutrition  of  the  simple  tissues. 

THE  FOOD  AND  THE  EXCRETA. 

The  nutrition  of  the  organism  requires  the  introduction  of  suitable 
quantities  of  (1)  One  or  more  proteids,  e.g.  albumin ;  (2)  One  or  more 
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carboliydrates,  e.g.  siigcar  or  starcli ;  (3)  Fat ;  (4)  Mineral  solids,  biicli  as 
alkaline  chlorides,  sulphates,  and  phosiAates,  earthy  phosphates,  and 
iron  ;  (5)  Water  ;  (6)  Oxygen.  Life  could  indeed  be  maintained  without 
the  carbohydrates  and  fats,  for  they  are  to  some  extent  formed  from  pro- 
teids  within  the  economy,  but,  for  reasons  to  be  afterwards  given,  nutrition 
becomes  unhealthy  when  they  are  omitted  from  the  food.  The  composi- 
tion of  all  save  the  azotised  articles  of  diet — the  proteids — is  known. 
These  contain  C  H  N  0  S  in  quantities  that  are  unknoAvn,  but  it  is 
certain  that  their  molecules  are  extremely  complex. 

In  the  alimentary  canal,  the  proteids  and  some  of  the  carbohydrates 
are  variously  changed  by  the  influence  of  ferments  in  the  digestive  juices. 
The  food  molecules  enter  the  blood,  some  being  absorbed  into  the  blood- 
capillaries  of  the  stomach  and  intestines,  and  passing  from  thence  through 
the  portal  vein  and  liver  into  the  general  circulation  ;  Avhile  others,  espe- 
cially the  fats,  pass  into  the  lymph-capillaries  and  through  the  thoracic 
duct  reach  the  blood.  In  the  blood  and  lymph  the  food  molecules  are 
conveyed  to  all  the  tissues.  Assimilation  and  disassiniilation,  with  all  the 
manifold  and  obscure  molecular  transformations  implied  in  these  processes, 
occur.  The  effete  matters  re-enter  the  blood,  and  are  removed  therefrom 
by  the  organs  of  excretion — the  lungs,  skin,  liver,  and  kidneys.  In  pass- 
ing thi'ough  the  economy  the  complex  organic  molecules  are  to  a  large 
extent  disintegrated  into  effete  substances,  of  which  urea  (C  N2  0), 
uric  acid  (C^  N,  0,,),  creatiniu  (C^  NO3),  cholesterin  (C26  H^^  0),  car- 
bonic, sulphuric,  and  phosphoric  acids,  are  the  most  important.  Although 
some  of  these  effete  matters  have  a  composition  by  no  means  simple,  they 
nevertheless  form  a  striking  contrast  to  those  matters  from  whose  regres- 
sive metamorphosis  they  are  derived.  Yet,  although  many  of  the  inter- 
mediate stages  in  the  metabolism  of  the  molecules  of  the  food  into  those 
of  the  tissues,  and  finally  into  those  of  the  excreta,  are  known,  it  must 
be  admitted  that  our  present  knowledge  of  the  whole  subject  is  so  meagre 
that  we  ai'e  as  yet  scarcely  within  its  threshold. 

THE  GENERAL  CHEMICAL  COMPOSITION  OF  THE  BODY. 

What  is  known  of  the  composition  of  organisms  has  been  ascertained 
by  ultimate  and  by  proxiviate  analysis.  By  ultimate  analysis  the  chemist 
seeks  to  resolve  the  body  into  its  ultimate  or  elementary  jmnciples,  while  by 
proximate  analysis  he  endeavours  to  ascertain  as  nearly  as  possible  what 
chemical  compounds  really  exist  in  the  body.  Thus  he  isolates  from  the 
blood,  albumin,  sodium  chloride,  water,  etc.  ;  and  believing  that  these  sub- 
stances really  exist  as  such  in  the  fluid,  and  are  not  produced  by  the  pro- 
cesses employed,  he  regards  them  &s proximate prmciples.  Owing  to  the  rough- 
ness of  such  a  process  as  the  ignition  of  an  organic  substance,  compound 
principles  are  obtained  which  may  not  be  proximate  principles.  Thus  sul- 
phuric, phosphoric,  and  carbonic  acids  are  actually  produced  in  the  com- 
bustion of  an  organism,  and  could  not  therefore  be  regarded  as  its  proximate 
principles,  unless  some  other  method  of  analysis,  free  from  fallacy,  proved 
them  to  be  such.  Although  much  has  in  this  way  been  ascertained  as  to 
the  proximate  principles  of  the  dead  body,  our  knowledge  of  the  proxi- 


INTRODUCTION. 


33 


mate  principles  of  the  livijig  organism  is  still  very  fragmentary  ;  for  many, 
especially  the  azotised  substances,  are  extremely  unstable,  and  are  apt  to 
change,  not  only  in  the  hands  of  the  chemist,  but  in  the  act  of  death, 
which  in  nearly  every  instance  mnst  have  occurred  ere  his  processes  are 
applied.  Thus  fibrin  is  readily  separable  from  the  blood  at  death,  and 
was  formerly  believed  to  be  a  proximate  principle  of  the  blood  during  life ; 
but  it  is  now  known  that  it  results  from  the  union  of  two  separate  com- 
pounds which  in  the  present  state  of  our  knowledge  are  regarded  as  proxi- 
mate principles.  The  very  fragmentary  character  of  our  knowledge  regarding 
the  real  2)ivximate  jmnciples  of  the  living  body  must  be  carefully  borne  in  mind. 

Ultimate  Principles. — Only  fifteen  chemical  elements  are  con- 
stantly found  in  the  body.  Of  these  nine  are  non-metals — carbon, 
hydi'ogen,  nitrogen,  oxygen,  sulphur,  phosphorus,  chlorine,  fluorine,  and 
silicon  ;  while  six  are  metals — sodium,  potassium,  calcium,  magnesium, 
iron,  and  manganese.  Copper,  lead,  and  lithium  are  occasionally  present. 
All  these  elements  are  found  in  various  states  of  combination,  but  part  of 
the  oxygen,  nitrogen,  and  hydrogen  occurs  in  a  free  state. 

Free  oxygen  enters  the  blood  by  the  lungs,  and  is  carried  to  all  parts 
of  the  body  to  oxidise  organic  compounds.  Althougli  most  of  it  is  either 
loosely  or  firmly  combined,  some  of  it  exists  in  a  free  state  in  the  blood 
and  other  fluids. 

Free  nitrogen — mostly  absorbed  from  the  atmosphere — occurs  in  the 
blood  and  other  fluids  in  small  amount.  Free  hydrogen  is  found  in  the 
alimentary  canal,  where  it  is  liberated  from  its  compounds,  probably 
during  butyric  acid  fermentation. 

Proximate  Principles. — The  chemical  compounds  found  in  all 
organisms  may  be  broadly  divided  into  two  great  groups,  the  mineral  and 
the  organic.  This  division,  although  somewhat  arbitrary,  is  convenient. 
Mineral  or  inorganic  substances  are  those  which  are  most  commonly  formed 
in  the  inorganic  world,  and  which  are  scai'cely  at  all  produced  in  living 
beings  ;  while  organic  substances  are  those  whose  natural  seat  of  formation 
is  in  organisms,  although  many  of  them  may  also  be  produced  artificially. 
Every  solid  and  fluid  of  the  body  contains  both  mineral  and  organic  sub- 
stances, whose  relative  proportions  vary  in  diff"erent  cases. 

■     MINERAL  COMPOUNDS. 

The  inorganic  substances  are  water,  mineral  acids,  mineral  bases,  and 
mineral  salts. 

Water  is  the  chief  mineral  constituent,  forming  about  70  per  cent  of 
the  weight  of  the  body. 

Hydrochloric  Acid. — Free  in  the  gastric  juice,  but  elsewhere  combined 
with  the  alkalies,  as  chlorides  of  sodium,  potassium,  and  ammonium. 
The  last  is  rare  ;  the  first  is  tlie  most  common,  and  it  exists  very  generally 
throughout  the  body.  Sodium  Chloride  is  by  far  the  most  abundant  mineral 
salt  in  ihe  body. 

Sidphuric  Acid,  combined  with  sodium  and  potassium,  is  found  in  most 
of  the  tissues  and  fluids. 

Phosjjhoric  Acid  (common,  tribasic,  or  orthophosphoric  acid),  combined 
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with  sodium,  potassium,  lime,  and  magnesium,  is  found  in  all  the  tissues 
and  fluids,  calcium  phosphate  being  especially  abundant  in  bone  and 
tooth.  Phosphoric  arid  also  enters  into  the  composition  of  lecithin,  a 
complex  azotised  fat  largely  found  in  nerve  tissue. 

Iron  forms  a  part  of  a  complex  organic  body,  the  blood-pigment. 
^uoride  of  calcium  is  found  in  the  bones  and  teeth,  while  manganese 
occurs  in  traces  in  various  parts. 

Sources  of  the  Minerals. — The  free  hydrochloric  acid  of  the  gastric  juice 
is  derived  within  the  body  from  chlorides.  Small  quantities  of  water, 
sulphuric  and  phosphoric  acids,  are  produced  by  tlie  oxidation  of  the  H. 
S.  and  P.  of  organic  comjiounds  ;  but  the  great  bulk  of  these  substances, 
with  all  the  other  mineral  matters,  enter  the  body  from  without.  . 

The  functions  of  the  mineral  substances  are  very  imperfectly  known. 
Water  is  the  general  solvent  for  the  various  solids  and  gases,  and  gives  a 
soft  consistence  to  various  parts.  Sodium  chloride  is  necessary  for  the 
solution  of  the  globulin  family  of  proteids  ;  thus  without  its  presence  in 
small  amount,  the  contractile  substance  of  muscle — a  globulin — would 
become  solid.  Earthy  salts  give  Imrduess  to  the  bones  and  teeth.  The 
sodium  phosphate  of  the  blood  and  lymph  is  one  of  the  carriers  of  carbonic 
acid  from  the  tissues  to  the  lungs.  All  these  substances,  however,  have 
probably  other  important  functions.  Ilydrocldoric  acid  plays  an  important 
part  in  the  digestion  of  proteids. 

As  water  and  mineral  solids  are  found  in  every  organism,  however 
simple,  their  functions,  altliough  so  imperfectly  known,  must  be  held  to 
be  as  essential  in  the  organic  fabric  as  the  so-called  organic  matter.  Yet, 
however  important  they  are  in  establishing  certain  physical  conditions, 
and  however  essential  may  be  their  chemical  relations,  this  holds  true  of 
them  all,  they  are  not  sources  of  bodily  energy.  This  springs  from  organic 
substances  only,  by  oxidation  and  otherwise. 

ORGANIC  COMPOUNDS.^ 

The  organic  compounds  might  be  classified  as  azotised  and  non-azotised, 
but  as  such  a  clas.sification  leads  to  difficulties,  we  may  group  them  as 
follows : — I.  Proteids  and  their  allied  Principles.  II.  Azotised  Deriva- 
tives of  the  Regressive  Metabolism  of  I.  III.  Carbohydrates.  IV. 
Alcohols.    V.  Fats  and  their  Allies. 

I.  Proteids  and  their  Allies. 

Proteids  and  their  allies  constitute  the  chief  solids  of  the  blood 
and  lymph,  and  of  all  the  tissues  excepting  the  bones  and  teeth.  They 
have  all  an  exceedingly  complex  composition,  that  in  most  instances  is 
not  definitely  ascertained.  Most  of  them,  especially  the  proteids,  are 
very  unstable,  and  readily  decompose  into  a  number  of  simpler  bodies. 
Some  of  them  are  in  intimate  relation  vidth  salts,  bases,  and  acids,  from 

'^^  It  is  not  intended  in  this  chapter  to  give  anything  like  a  detailed  account  of  the 
reactions  of  the  proximate  principles.  These  will  be  fully  given  in  an  Appendix ;  and  in 
the  chapters  on  the  Tissues  and  on  Nutrition,  details  will  be  given  that  would  here  prove 
uninteresting  and  distracting. 
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which  they  caunot  be  detached  without  undergoing  change.  They  are 
mostly  amorphous. 

A.  Proteids. 

The  chief  members  of  this  group  are — 1.  Albumins.  2.  Globulins. 
3.  Fibrin.     4. .  Alkali-albumins.    5.  Acid-albumins.    6.  Peptones. 

These  substances  were  termed  proteids  by  Mulder,  on  the  theory  that 
they  are  all  compounds  of  a  primary  principle — protein.  Although  this 
theory  is  now  discarded,  the  term  proteid  is  retained  for  convenience. 
Their  percentage  composition  in  100  parts  is — 

C.  H.  N.  0.  S. 

From  .  .  52-7  6-9  15-4  20-9  0-8 
To      .       .       54-5        7-3        16-5        23-5  2-0 

Their  molecular  weight  and  constitution  are  unknown. 

1.  Albumins. — Albumin  is  the  chief  organic  constituent  of  the  trans- 
parent part  of  an  egg,  and  of  the  serum  of  the  blood.  As  the  albumins 
derived  from  these  two  sources  are  slightly  different,  they  are  distin- 
guished as  egg-albumin  and  serum-albumin. 

Albumin  from  either  of  these  sources  is  soluble  in  water.  When  its 
solution  is  evaporated  at  a  low  temperature,  a  transparent  residue 
remains,  which  can  be  easily  redissolved.  As  it  scarcely  at  all  diffuses 
through  animal  membrane,  it  is  a  characteristic  colloid.  Its  solution  turns 
a  polarised  ray  towards  the  left. 

When  a  solution  of  albumin  is  heated  to  from  60°  to  70°  C.  (140°-158° 
F.)  it  coagulates.  The  presence  of  water  is  necessary  for  this  change  ;  for 
if  the  albumin  be  previously  dried,  it  may  be  heated  to  the  temperature  of 
boiling  tvatcr  toitliout  undergoing  change.  The  previous  addition  of  very 
dilute  acetic  or  phosphoric  acid  to  an  albuminous  solution  lowers  the  tem- 
perature at  which  coagulation  occurs.  On  the  other  hand,  the  addition 
of  a  very  little  alkali — e.g.  sodium  carbonate — raises  tlie  temperature  of 
coagulation,  and  if  the  alkali  be  in  excess,  coagulation  is  altogether  j^re- 
vented. 

Albumin  is  not  precipitated  by  carbonic,  acetic,  tartaric,  or  mineral 
acids,  if  these  be  dilute  and  added  in  very  small  quantity  ;  but  if  added 
in  excess,  precipitation  occurs.  Nitric  acid  is  the  most  i^owerful  precipi- 
tating agent.  The  precipitate  thrown  down  by  nitric  acid  is  soluble 
in  excess  in  the  case  of  serum-albumin,  but  scarcely  at  all  in  that  of  egg- 
albumin.  Albumin  is  also  precipitated  by  tannic  acid,  alcohol,  and  by 
most  of  the  salts  of  the  heavy  metals,  such  as  mercuric  chloride. 

Although  the  chemical  difference  between  egg-albumin  and  serum- 
albumin  is  not  striking  from  their  reactions,  there  is  nevertheless  a  great 
l)hysiological  difference  between  them,  for  if  egg-albumin  be  introduced 
directly  into  the  blood  or  lymph  vessels,  it  is  largely  excreted  by  the 
kidneys  as  a  foreign  substance  (Bernard). 

2.  Globulins  are  found  in  the  blood,  chyle,  and  lymph,  in  muscle,  and 
in  protoplasm  generally.  They  are  closely  allied  to  albumin,  but,  unlike 
albumin,  they  are  not  soluble  in  pure  water.    They  are,  however,  readily 
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soluble  in  water  containing  a  little  sodiu  i  chloride  ( 1  per  cent),  but  the 
addition  of  an  excess  of  the  salt  precipitates  them.  The  addition  of  any 
amount  of  salt  to  a  fluid  containing  albumin  occasions  no  precipitate.  In 
other  respects  they  resemble  albumin.  The  substances  belonging  to  the 
globulin  group  are  : — a.  Crystallin,  or  globulin  proper,  derived  from  the  crys- 
talline lens.  b.  Fibrinoplastin,  or  paraglobtdin.  c.  Fihinogen.  Both  b  and 
c  are  found  in  the  blood,  chyle,  and  lymph,  d.  Myosin,  the  chief  con- 
stituent of  muscle,  and  a  constituent  of  protoplasm  generally  ^^Hoppe- 
Seyler,  Op.  28,  p.  76). 

3.  Fihin  is  not  fovmd  in  the  living  body,  but  appears  when  blood, 
lymph,  and  chyle  coagulate.  It  results  from  the  union  of  the  two  globu- 
lins, fibrinoplastin  and  fibrinogen.  It  is  insoluble  in  water,  solutions  of 
salt,  and  dilute  acids.  When  heated  it  assumes  the  properties  of  coagu- 
lated albumin. 

4.  Alkali-Albumins  or  Albumi7iates. — All  the  albumins  and  globulins, 
when  added  to  solutions  of  caustic  alkali,  form  compounds  termed  alkali- 
albumins  or  albuminates.  Casein,  the  chief  proteid  constituent  of  milk,  is 
believed  to  be  a  potassium-albumin,  but  it  is  not  identical  with  potassium- 
albumin  produced  artificially.  Casein  is  not  coagulated  by  heat  unless  an 
acid  be  previously  added. 

Acid-albumin  or  Synlonin.  iloes  not  exist  in  the  body,  but  results  from  the  action 
of  dilute  acid  {e.g.  0'2  per  cent  HCl)  upon  the  proteid  substances  abeady  mentioned. 

5.  Peptones. — All  the  above  proteids,  when  subjected  to  the  influence 
of  the  liydrolytic  ferments  of  the  gastric  and  pancreatic  juices,  are  converted 
into  peptones.  Peptones  are  soluble  in  water,  and,  unlike  the  solutions  of 
other  proteids,  are  diffusible.  By  this  means  the  proteids  are  enabled  to 
diftusc  from  the  alimentary  canal  into  the  blood-vessels.  The  albumin  of 
the  blood  is  derived  from  peptones,  by  some  process  the  reverse  of  that 
by  which  they  are  formed  in  the  alimentary  canal.  Unlike  albumin, 
peptones  are  not  coagulated  by  heat  and  mineral  acids,  but,  like  albumin, 
they  are  precipitated  by  tannic  acid,  mercuric  chloride,  and  by  an  excess 
of  alcohol. 

The  following  chemical  reactions  are  common  to  all  the  proteids : — 

a.  They  are  all  soluble  in  caustic  alkalies. 

b.  After  the  previous  addition  of  weak  acetic  acid  to  their  solutions  they  are  precipi- 
tated bj'  jiotassiuni  ferrocyanide. 

c.  On  the  addition  of  a  trace  of  cupric  sulphate,  followed  by  a  solution  of  caustic 
potash,  a  violet  colour  appears,  which  becomes  deeper  on  boiling. 

d.  If  their  solutions  be  boiled  after  the  addition  of  strong  nitric  acid  they  assume  a 
yellowish  colour,  which  becomes  bright  orange  or  amber  on  adding  ammonia  (Xantho- 
proteic reaction). 

B.  Albuminoids. 

The  albuminoids  are  closely  related  to  the  proteids,  and  are  either  pro- 
duced from  proteids  alone  or  from  these  with  other  substances  by  the  vital 
influence  of  cells,  but  by  what  special  processes  is  altogether  unknown. 
Like  the  proteids,  they  are  amorphous,  and  resemble  them  in  general  com- 
position, but  unlike  the  proteids,  some  of  them  contain  no  sulphur.  They 
are  not  converted  into  peptones  by  the  gastric  and  pancreatic  ferments,  although, 
like  proteids,  tliey  yield  leucin  and  tyrosin ;  sometimes  the  one,  sometimes 
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the  other,  or  both,  when  subjected  to  hydrolytic  treatment.  In  other 
respects  the  members  of  the  group  have  no  common  characters,  and  difi'er 
widely  amongst  themselves. 

1.  Mucin  (C  52-2,  H  7-0,  N  12-6,  0  28-2  per  cent)  occurs  in  mucus 
and  in  mucous  tissue,  and  is  the  cause  of  their  viscidity. 

2.  Gelatin  or  glutin  (C  50-4,  H  6-8,  N  18-3,  S  +  0  24-5  per  cent)  is 
obtained  by  the  prolonged  boiling  of  white  fibrous  tissue  and  of  the  organic 
substance  of  bone.  As  gelatin  swells  up  but  is  not  soluble  in  cold  water, 
and  as  white  fibrous  tissue  does  not  swell  up  in  cold  M^iter,  it  is  believed 
that  gelatin  does  not  exist  as  such  in  the  tissue,  but  that  it  is  derived 
from  a  hypothetical  principle — collagen. 

3.  Chondrin  (C  49-9,  H  6-6,  N  14-5,  S  0-4,  0  28-6  per  cent)  is  obtained 
by  the  prolonged  boiling  of  hyaline  cartilage.  It  is  supposed  to  be 
derived  from  a  hypothetical  principle — chondrogen. 

4.  Keratin  (C  50-3-52-5,  H  6-4-7,  N  16-2-17-7,  S  0-7-5,  0  20-7-25 
per  cent)  is  the  chief  constituent  of  hair,  horn,  nail,  and  other  epidermic 
tissues. 

5.  Elastin  (C  55-5,  H  7-4,  N  16-7,  0  20-5  per  cent)  is  the  principal 
constituent  of  elastic  tissue. 

3hicin  swells  up  but  does  not  perfectly  dissolve  in  water.  The  presenee  of  a  little 
sodium  cliloride  increases  its  solubility.  It  is  readily  precipitated  by  alcohol  and  by 
acetic  acid  ;  the  precipitate  is  not  dissolved  by  sodium  sulphate. 

Chondrin  is  soluble  in  hot  but  uot  in  cold  water,  is  precipitated  by  acetic  acid,  and 
the  precipitate  is  dissolved  by  sodium  sulphate. 

Gelatin  swells  up,  but  does  not  dissolve  in  cold  water.  It  dissolves  in  hot  water, 
and  forms  a  jelly  on  cooling.  It  is  not  precipitated  by  acetic  acid,  nor  by  acetic  acid 
and  potassium  ferrocyanide,  like  the  proteids. 

Keratin  is  insoluble  in  water — cold  or  hot.  It  is  only  soluble  in  hot  solutions  of  the 
alkalies. 

Elastin  is  an  exceedingly  insoluble  substance.  It  is  dissolved  by  prolonged  boiling 
in  caustic  potash,  but,  unlike  keratin,  is  decomposed  thereby. 

6.  Ferments  that  convert  starch  and  glycogen  into  glucose  (amylolytic), 
proteids  into  peptones  (j>roteolytic),  and  break  up  fats  into  glycerin  and  fatty 
acids  {fat-decomposing),  occur  in  the  body.  All  of  them  are  hydrolytic, 
and  will  be  afterwards  referred  to  in  detail. 

C.  Substances  more  complex  than  Proteids. 

Although  the  synthesis  of  proteids  from  their  elements  does  not  occur 
in  the  animal  body,  yet  to  a  slight  extent  there  is  the  power  of  raising 
proteids  to  a  more  complex  composition.  At  present  three  substances 
are  known  which  occupy  this  position. 

1.  Hcemoglohin — a  crystalline  substance  (the  colouring  matter  of  the 
blood-coqDuscles) — is  the  most  complex  substance  known.  The  following 
formula  is  given  by  Preyer— Cgpo  Hggg  Njj^  Fe  S3  Oj^g.  It  may  be 
decomposed  into  a  great  number  of  bodies,  amongst  which  a  proteid  {glohin) 
and  a  pigment  (hcematin)  are  the  most  notable.  It  will  be  fully  studied 
with  the  composition  of  the  blood, 

2.  vitellin  is  abundantly  found  in  yolk  of  egg,  and  also  in  protoplasm  generally 
(Hoppe-Seyler,  Op.  28,  p.  77).  It  is  a  crystalline  substance,  and  may  be  decomposed  into 
a  proteid  and  a  phosphoriscd  fat  {lecithin). 

3.  Nuclein  (Cjg  ll4o  Ng  P3  Oj,)  has  been  obtained  from  the  nuclei  of  pus-corpuscles 
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(Miescher)  blood-corpuscles,  from  spermatozoids,  and  from  the  cells  of  yeast  (p.  19).  It 
somewhat  resembles  mucin,  but,  unlUce  that  substance,  contains  phosphorus. 

II.  AzoTiSED  Derivatives  of  the  Regressive  Metabolism 
OF  Proteids  and  their  Allies. 

Ammonia  and  Aminoniacal  Derivatives. 

1.  Ammonia  and  ammoniacal  salts  occur  in  small  quantity  in  the  blood  and  other 
parts. 

2.  Compound  Ammonias  or  Amines  are  bodies  in  which  the  hydrogen  atoms  of 
ammonia  are  replaced  by  hydro-carbon  molecules.  None  of  them  have  been  found 
\vithin  the  organism,  but  may  be  obtained  by  artificial  decomposition.  Thus  mclkyl- 
aminc  NH.j  (CH.,)  and  trimcthylaminc  N  {CHa)^  may  be  obtained  by  the  decomposition  of 
creatin,      Hg  N3  O3. 

3.  Amides  are  substances  in  which  the  hydroxyl  group  (OH)  iu  acids  is  replaced  by 
amidogeu  (NHj).  UrrM  is  the  biamide  of  carbonic  acid,  CO  (N  112)2 — tl''^*  is,  the 
hydroxyl  (OH)  groups  of  carbonic  acid,  CO  (OH).j,  are  replaced  by  two  molecules  of 
amidogen  (NHj).  Urea  is  excreted  by  the  kidneys,  and  is  the  yrmt  azoliscd  derivative 
of  the  proteids  and  their  allies,  but  it  has  never  yet  been  obtained  from  them  by  artificial 
means. 

4.  Amido-acids  are  acids  in  \yhich  hydrogen  atoms  of  the  acid  radicle  are  replaced 
by  amidogen  (NH„).    Thus  : — 

Cj  H3  0  (0  H)  Ca  Ha  (N  H^)  0  (0  H) 

Acetic  acid.  Amido-acetic  acid  or  glycocin. 

The  amido-acids  may  behave  as  acids  or  as  bases. 

a.  Glycocin  or  (jlycocoll,  Cj  11^  N  0„,  or  amido-acetio  acid,  does  not  occur  free  in  the 
body,  but  is  found  combined  with  cholic  aciil  as  (jlyco-cholic  acid  (Cjg  H43  N  Oq)  in  the 
bile,  and  in  relation  to  benzoic  acid,  as  glyco-beuzoic  or  Ityjpuric  acid  (Cg  Hg  N  O3)  in 
the  urine. 

b.  Ttturin,  H7  N  SO3,  is  amido-ethyl-sulphonic  acid,  iu  which  a  hydrogen  atom 
of  etliyl-sulphonic  acid  is  replaced  by  a  molecule  of  amidogen  (N  Ha).   Thus  : — 

SOj  (0  H)]H  SO.,  (0  H)  (Ca  H5)  SOp  (0  H)  (0^  H4  [N  H^]) 

Sulphurous  acid.      Ethyl-sulphonic  acid.         Amido-ethyl-sulphonic  acid. 

It  is  found  free  in  some  glandular  organs,  and  is  combined  with  cholic  acid,  iis  tauro- 
cholic  acid  (C„g  H45  N  SO7)  in  the  bile. 

c.  Leuein  is  amido-caproic  acid,  in  which  one  H  atom  of  caproic  acid  is  replaced  by 
a  molecule  of  amidogeu  (N  Ho).    Thus  : — 

Cs  H„  0  (0  H)'  Cb  H,„  (N  Ha)  0  (0  H) 

Caproic  acid.  Amido-caproic  acid. 

d.  Tyrosin — Cg  Hjj  NO;, — is  an  ainido-a'jid  of  unknown  constitution. 

Leuein  and  tyrosin  usually  occur  together  in  various  glands.  They  are  readily  pro- 
duced from  proteids  by  the  prolonged  influence  of  the  proteolytic  ferment  of  the  pancreatic 
juice,  and  tliey  may  also  be  obtained  from  proteids  artificially. 

c.  Cystin  is  found  in  the  kidneys,  and  sometimes  forms  urinary  calculi  ;  its  formula 
is  probably  C,  H5  N  S0„  (Gamgee  and  Dewar,  Op.  1,  V.  p.  142). 

5.  Amido-acids— IN  which  the  Hydiiogen  of  the  Amidogen  Groups  is  itself 
SUBSTITUTED.— re.  Sarcosiii,  CsHyNOa,  is  olitaiued  by  boiling  creatin  withbaiyta  water, 
and  is  methyl-amido-acetic  acid.    Thus  : — 

C„  H„  (N  H„)  0  (0  H)  Ca  H,  (N  H  [C  H3])  0  (0  H) 

Amido-acetic  acid.  Methyl-amido-acetic  acid. 

Creatin.  C^  Hg  N3  O2,  is  found  iu  the  muscles,  blood,  In-ain,  etc.  By  boiling  with 
baryta  water,  creatin  is  resolved  into  sarcosiii  and  urea.  By  the  action  of  mercm-ic  oxide 
on  an  aqueous  solution  of  creatin,  methyl-guanidin  and  oxalic  acid  are  obtained.  As  the 
latter  is  derived  from  the  oxidation  of  acetic  acid,  creatin  is  regarded  as  methj'l-guanidin- 
acetio  acid.    Thus  : — 

C(NH)jj;H=       C(NH)jiH(^H3)       C  (N  H)  j  g  g  g  "h^]  0  (0  H) 
Guanidin.     "  Methyl-guanidin.  Methyl-guanidm-acetic  acid.  . 
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6.  Ammoniacal  Derivatives  of  Unknown  Constitution. 

a.  Uric  acid,      Cg  H4 1^4  O3.  Found  in  urine,  liver,  blood,  etc. 

b.  Xanthin,        Cg  H4  ]Sr4  Oj.  Found  in  urine,  liver,  blood,  etc. 

c.  Hypoxaiithin,  Cj  H4  N4  0.  Found  in  musfle,  liver,  blood,  etc.  ' 

d.  Creatinin,      C4  H,.      0.  Found  in  urine  and  muscle. 

e.  AUantoin,      C4  He  N4  O3.  Found  in  urine. 

/.  Carnin,  C7  Hg  1^4  O3.  Found  in  extract  of  meat. 

(jr.  Guanin,         Cg  Hg  Ng  0.  Found  in  the  liver  and  pancreas. 

h.  Inosiiiic  acid,  Cg  Hg      On.  Found  in  muscle. 

7.  Certain  Pigments. 

a.  BilinMn,  Cig  Hjg      0,.    Found  in  bile. 

b.  Bilivcrdin,  Cjg  Hjq       Oe-        „  „ 

c.  HydrobUincbin,  )  r\    -a    -Kr  -r.      ^  ■  i- 

or  Urobilin     \     '^^    "^o  ^         ^o™"!     ifeoes  ;  sometimes  in  urine. 

d.  Urochrome,  ?    Found  in  urine. 

e.  Indican,  Cg^  Hg^  O34. 

/.  Melanin.    Found  in  the  sldn  and  in  the  eye.    It  contains  C  H  N  0,  but  its 
composition  is  unknown. 
The  pigments  of  the  bile  and  urine  are  probably  derived  from  the  blood-pigment 
— hfemoglobin — a  substance  having  a  far  more  complex  composition  than  any  of  them. 

Substances  derived  from  the  Decomposition  of  Proteids  by  Artificial  Means 
and  by  Putrefactive  Decum])osition. 

The  following. facts  regarding  the  results  of  the  decomposition  of  pro- 
teids by  artificial  means  and  by  putrefactive  ferments  are  important  as 
showing  that  the  azotised  derivatives  are  in  many  cases  similar  to  those 
already  detailed  as  formed  in  the  body,  and  further  because  they  prove 
that  fats  may  also  be  derived  from  the  decomposition  of  proteids. 

Decomposition  of  the  Proteids. — ct.  By  Heat. — When  subjected  to  destructive 
distillation  the  proteids  yield  an  oily  fluid,  coutaiuing  (1)  Ammoniacal  salts  of  the 
fatty  acids,  such  as  ammonium  caproate,  butyrate,  acetate,  and  carbonate,  and  a  number 
of  amines — homologous  derivatives  of  the  series  of  ordinarj'  alcohols,  such  as  niethylamine, 
propylamine,  butylamine.  (2)  Bodies  belonging  to  the  aromatic  gi'oup,  as  aniline  and 
picoline.    (3)  Phenol,  benzol,  and  their  homologues. 

b.  By  Oxidation.— 'By  tbe  action  of  oxidising  agents,  as  potassium-bichromate  with 
sulphuric  acid,  etc.,  there  appear  bodies  belonging  to  the  aromatic  and  fatty  groups,  as 
acetic,  benzoic,  propionic,  valerianic  aldehydes  ;  acetic,  benzoic,  hydi'ocyanic,  propionic, 
and  valerianic  acids. 

c.  By  Catistic  Alkalies. — Wlien  heated  with  caustic  alkali,  proteid  substances  yield 
leucin,  tyi'osin,  salts  of  fatty  acids,  etc. 

d.  By  Mineral  Acids. — When  boiled  with  sulj^huric  and  hydrochloric  acids,  they 
yield  glycocin,  leucin,  tyrosin,  etc. 

e.  By  Putrefactive  Ferments. — Putrefactive  fermentation  is  due  to  the 
destruction  of  proteids  and  some  of  their  allies  by  living  bacteria — vege- 
table organisms  that  will  be  afterwards  described.  Their  mode  of  action 
is  unknown,  but  probably  it  largely  depends  on  their  robbing  the  proteids 
of  oxygen.  Formic,  acetic,  butyric,  valerianic,  caproic,  and  lactic  acids 
appear,  combined  with  ammonia  or  other  organic  alkalies.  Some  of  the 
nitrogen  is  eliminated  in  a  free  state,  but  most  of  it  is  contained  in  the 
ammonia  produced.  Leucin  and  tyrosin,  sulphuretted  hydrogen,  car- 
bonic acid,  and  various  other  substances,  are  produced.  When  the  proteids 
are  entirely  decomposed  by  putrefactive  fermentation,  there  remains  a 
substfince  rich  in  fats,  in  earthy  and  ammoniacal  salts,  phosphates,  and 
nitrates. 

Thus  we  see  in  the  decomposition  of  proteids  by  a,  b,  c,  d,  the  results 
of  the  crude  and  violent  processes  of  the  laboratory  ;  whereas  under  e, 
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decomposition,  leading  in  many  instances  to  similar  results,  can  be  effected 
by  the  subtle  influence  of  the  protoplasm  of  certain  minute  organisms.  It 
is  therefore  easy  to  transfer  the  thought  to  the  cells  of  the  bodily  organ- 
ism, and  to  picture  them  as  minute  protoplasmic  laboratories,  effecting 
varied  transformations  of  proteids  and  other  substances,  the  proteids 
yielding  not  only  azotised  derivations  but  also  fats  and  other  bodies. 
That  fats  are  really  derived  from  them — e.g.  in  the  cells  of  the  mammary 
gland — there  is  no  doubt. 


III.  Carbohydrates. 

The  carbohydrates  of  the  body  are — (1)  Glycogen  or  animal  starch, 
Cg  Hjg  O5,  occurring  largely  in  the  liver,  and  in  most  foetal  tissues  ;  it  is  also 
a  constituent  of  muscle  and  of  all  amoeboid  protoplasm.  It  is  chiefly  formed 
from  grape-sugar,  but  may  also  be  derived  from  proteid  substances.  It  is 
readily  converted  into  grape-sugar  by  ferments  in  the  saliva,  ])ancreatic 
juice,  liver,  etc.  (2)  GrajK-sugar,  dcortrose  or  glucose,  Cg  Og  +  H,  0. 
All  the  starch  and  cane-sugar  of  the  food  are  converted  by  digestive  fer- 
ments into  grape-sugar,  most  of  which  passes  into  the  portal  vein  to  the 
liver,  where  it  is  transformed  into  glycogen.  It  occurs  in  small  quantities 
in  the  blood,  lymph,  chyle,  and  muscles.  When  acted  on  by  yeast  it 
undergoes  alcoholic  fermentation,  and  under  the  influence  of  the  Bacterium 
lactls  it,  like  milk-sugai",  undergoes  lactic  acid  fermentation.  (3)  Milk-sugar 
or  lactose,  C,2  H.,.,  0^^  -f  Hj  0,  is  the  only  sugar  in  milk.  (4)  Muscle- 
sugar  or  inosilc,  C,.,  Hj.,  Og  -t-  2Hq  0,  is  found  in  muscle,  brain,  spleen,  etc. 
The  carbohydrates  are  to  a  large  extent  derived  from  the  carbohydrates 
of  the  food ;  but  that  they  are  also  produced  from  proteids  has  been 
aU'eady  stated  with  regard  to  glycogen,  and  will  be  shown  also  to  hold 
true  regarding  the  formation  of  milk-sugar  in  the  protoplasts  of  the  mam- 
mary gland.    The  carbohydrates  serve  important  ends  in  nutrition. 


IV.  Alcohols. 
1.  Cholesterin — a  monatomic  alcohol,  G^g  H^g  (OH) 


^26  ttis  I  o 


or 

Cor 

H 

is  the  only  free  alcohol  in  the  body.  It  is  found  in  pus  cells,  white  and  red 
blood-corpuscles,  the  cells  of  yeast  (Hoppe-Seyler,  Oj).  28,  p.  79),  blood- 
serum,  and  largely  in  the  white  matter  of  the  brain,  spinal  cord,  and 
nerves.  It  is  an  effete  product,  and  is  withdrawn  from  the  blood  by  the 
liver,  and  excreted  in  the  bile.  Nothing  is  known  of  its  source,  but  the 
fact  of  its  occurrence  in  yeast-cells  and  white  blood-corpuscles  shows  that 
in  these  cases,  at  all  events,  it  probably  arises  from  protoplasmic  meta- 
bolism. 

2.  Glycerin  is  a  triatomic  alcohol,  consisting  of  a  radicle  glyceryl  with 
three  hydroxyl  groups  ;  thus  : 

C3H5    (OH)  orCgH^lQ 

Glyceryl.    Hydroxyl.  JJ^  j 
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Glycerin  probably  always  occurs  in  combination  within  the  body. 
The  neutral  fats  are  formed  by  substituting  fatty  acids  for  the  H  atoms 
of  its  hydroxyl. 


V.  Fats  and  their  Allies. 

Fatty  Acids. — The  chief  fatty  acids  found  in  the  body  are- 
Formic     acid,  C   H   0  (0  H) 


Acetic 
Propionic 
Butyric 
Caproic 
Caprylic 
Capric 
Palmitic 
Stearic 


C,  Hg  0  (0  H) 
Cg  Hg  0  (0  H) 
C,  H,  0  (0  H) 
C,  R,,  0  (0  H) 
C3  H,,  0  (0  H) 
C,„  H,,  0  (0  H) 


,  C,,H3,0(0H) 
,  C,3H3,0(OH) 

These  belong  to  the  acetic  acid  series.  Oleic  acid,  C^g  Hgg  0  (0  H), 
belonging  to  the  oleic  acid  series,  is  also  present.  The  fatty  acids  rarely 
occur  in  a  free  state,  although  their  glycerin-compounds  (neutral  fats)  are 
widely  distributed.  Their  compounds  with  alkalies  (soaps)  are  found  in 
the  intestinal  canal,  and  also,  to  a  slight  extent,  in  the  blood. 

2.  Neutral  Fats. — The  ordinary  fats  stored  up  in  fat  cells,  and 
most  of  those  in  the  blood  and  other  parts,  are  neutral  fats.  Those  of 
most  common  occurrence  in  man  are  palmitin  and  olein,  and  in  much 
smaller  amount,  stearin.  Olein  is  fluid,  at  the  ordinary  temperature, 
while  palmitin  and  stearin  require  the  temperature  of  the  living  body  to 
retain  them  in  a  liquid  state.  When  treated  with  an  alkali,  they  take  up 
water,  and  decompose  into  glycerin,  and  their  respective  fatty  acids, 
which  unite  with  the  alkali,  and  form  soaps.  They  are  also  decomposed 
in  the  same  manner  by  the  fat-decomposing  ferment  of  the  .pancreatic 
juice.  The  neutral  fats  under  consideration  are  constituted  by  the  sub- 
stitution of  the  three  molecules  of  the  radicles  of  the  respective  fatty 
acids,  for  the  three  H  atoms  of  the  hydroxyl  groups  of  the  glycerin 
alcohol.    Thus : — 


f-Glycerin. 


C3  H5 


}03 


Stearin. 
(0x8  H3a  0)3  f  ^3 


Radicle  of 
Stearic  acid. 


(0 


Palmitin. 
O3  H5 

16  -^31  0)3  . 


0. 


Radicle  of 
Palmitic  acid. 


Olein. 


O3  Hg 

(0x8  H33 


0). 


}03 


Radicle  of 
Oleic  acid. 


The  following  graphic  formula  will  serve  as  a  type  to  show  hoAv  the 
production  of  these  compounds  results  : — 

Glycerin.        Palmitic  Acid.  Palmitin.  Water. 


C3  \ 


i03 


_L  OjO  Hgj 


0|o=  ^bH, 


(O 


16  H31  0)3 


The  fats  of  the  body,  although  derived  from  the  fat  in  the  food,  also 
largely  spring  from  the  transformation  of  the  proteid  substances.    It  has 
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been  already  shown  that  certain  vegetable  cells — the  bacteria — can  biing 
about  the  production  of  fat  from  proteids  during  putrefactive  fermenta- 
tion. There  is  certain  evidence,  afterwards  to  be  detailed,  that  the  cells 
of  the  mammary  glands  produce  fat  from  proteids,  and  there  is  every 
reason  for  believing  that  fats  are  also  derived  from  carbohydrates. 

3.  GLYOERiN-PiiosruoRic  Acid,  C,  Hg  P  Oj,  is  closely  allied  to  the  neutral  fats. 
It  is  ail  acid  glycerin  ether,  and  may  be  prepared  synthetically  from  glycerin  and  ortho- 
phosphoric  acid.    It  is  obtained  from  the  decomposition  of  lecithin. 

4.  Acids  of  the  Lactic  series. — Lactic  and  carbonic  acids  are 
the  members  of  this  series  of  most  physiological  interest. 

a.  Lactic  acid,  Cg  Hg  Og,  is  formed  from  sugar  by  the  lactic  acid  fer- 
mentation. It  is  found  in  the  alimentary  canal,  where  it  results  from 
fermentation  of  the  saccharine  elements  of  the  food. 

I.  Sarcolactic  acid,  a  body  isomei'ic  with  lactic  acid,  is  produced  in 
muscle  during  contraction.    The  mode  of  its  formation  is  unknown. 

c.  Carbonic  acid,  C  H  0.,,  is  the  chief  oxidation  product  of  the  various 
organic  constituents  of  the  body.  It  is  mostly  formed  in  the  tissues, 
and  passes  into  the  lymph  and  blood,  to  be  excreted  by  the  lungs.  It 
occui's  in  the  form  of  carbonates,  in  combination  with  sodium  phosphate, 
and  iu  a  free  state. 

5.  CoJiPLEX  AzOTlSED  Fats. — L  LccUhin,  C^^  H„p  N  P  0.,,  is  widely 
distributed  in  the  body.  It  is  largely  present  in  the  brain,  nerves,  pus, 
and  white  blood-corpuscles,  ovum,  and  indeed  in  protoplasm  generally. 

2.  Cercbrm,  Cjy  H,3  N  0.,  '?,  is  a  constituent  of  nerve  tissue.  The  substance  de- 
scribed as  "  protagon,  by  Liebreich,  appears  to  be  a  mixture  of  lecithin  and  cerebrin 
(Hoppe-Seyler,  Op.  21,  Heft  4,  §  487). 

8.  Neurin  or  Cholin,  Cj  H15  N  Oj,  is  a  product  of  the  decomposition  of  lecithin. 

The  chemical  processes  of  the  organism  belong  to  the  three  great 
types  of  chemical  transformation: — \,  Synthesis ;  2,  Isomeric  change;  3, 
Decomposition.  What  may  be  termed  the  minor  synthesis  of  proximate 
principles  is  doubtless  a  chemical  process  of  common  occurrence  in  the 
body,  e.g.  the  formation  of  ui'ic  acid  from  xantliin. 

2C,  H,      0,  +      =  2C5  H,  N,  O3 

Xnnthin.  Oxygen.  Uric  acid. 

A  similar  example  is  afforded  in  the  i^roduction  of  hippuric  acid  from 
benzoic  acid  and  glycocin.  Thus,  if  benzoic  acid  be  taken  into  the 
organism,  it  combines  with  glycocin,  a  derivative  of  the  metabolism  of 
proteids,  and  the  result  of  the  union — hippuric  acid — is  excreted  by  the 
kidneys. 

Hg  0,  -f  C,  H.NOg  =  Cg  R,m,  +  E,  0 

Benzoic  acid.  Glycocin.  Hippuric  acid.  Water. 

The  most  notable  substance,  however,  that  results  from  synthetic 
metabolism  in  the  animal  body  is  hisemoglobin  (p.  37).  Its  composition  is 
more  complex  than  that  of  the  proteids  themselves,  and  it  doubtless 
results  from  the  union  of  proteids  or  their  allies  with  iron  or  with  some 
substance  containing  it.  Yet  in  this,  as  in  all  the  syntheses  in  the 
body,  there  is  the  union  of  one  or  more  complex  organic  substances 
amongst  themselves,  or  with  simple  substances  such  as  oxygen  or  water. 
They  are,  so  to  speak,  only  minor  syntheses  in  comparison  with  the 
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7nojor  syntheses  of  complex  organic  substances  out  of  the  elements  of 
CO^,  NH3,  H.^O,  and  H^SO^,  occurring  in  the  plant.  Isomeric  change 
is  probably  a  common  occurrence  in  bodily  metabolism  ;  a  familiar  ex- 
ample is  the  transformation  of  starch  (C^  Hjq  O5)  into  dextrin  (Cq  Hjq  0^) 
by  the  salivary  ferment.  A  different  arrangement  of  the  atoms  in  the 
two  molecules  is  probably  the  cause  of  their  difference  in  chemical  pro- 
perty. But  the  great  chemical  change  that  characterises  metabolism 
in  the  animal  is  the  decomposition  of  complex  organic  molecules.  The 
agencies  by  which  this  is  effected,  at  the  comparatively  low  temperature 
of  the  body,  are  only  very  partially  known.  There  are  simple  decomposi- 
tions ;  that  is,  the  complex  molecule  merely  breaks  up  into  two  or  more 
whose  combined  molecular  weight  is  equal  to  that  of  the  substance 
decomposed  ;  thus,  when  the  molecules  of  glucose  are  thrown  into  com- 
motion by  the  lactic  acid  ferment,  they  simply  decompose  into  those  of 
lactic  acid. 

Glucose.  Lactic  acid. 

Sometimes  a  simple  decomposition  consists  in  the  separation  of  one  or 
more  molecules  of  water  {dehydration)  :  thus  creatin  may  by  heat  be  split 
up  into  creatinin  and  water  : — 

C,  H„  N3  0,  =  C,      N3O  -f  H^O 

Creatin  Creatinin. 

In  some  cases  decomposition  is  hydrolytic,  that  is,  it  is  preceded  or 
accom[)anied  by  the  addition  of  water.  This  happens  when  the  lactic 
acid  ferment  transforms  milk-sugar  into  lactic  acid  ;  thus  : — 

C,,  H,,  0,,  +  H,0  =  4C3  H,  O3 

It  need  scarcely  be  said,  however,  that  the  addition  of  water  is  not  in 
all  cases  followed  by  decomposition,  for  the  result  may  be  mere  hydration 
and  not  hydrolysis. 

A  change  in  the  relation  of  the  molecules  to  oxygen  is,  however,  the 
great  feature  that  broadly  marks  the  decompositions  within  the  organism. 
Deoxidation  sometimes  occurs  ;  thus,  when  proteids  are  fermented  by  the 
pancreatic  juice,  one  of  the  products  is  iudol  (Cj^  H.^^  Ng),  a  substance 
which,  unlike  the  proteids,  contains  no  oxygen.  But  oxidation  is  the 
most  common  event,  and  is,  above  all  others,  the  characteristic  feature  of 
the  metabolic  phenomena  of  the  animal  body.  Hence  it  is  that  an  incessant 
stream  of  oxygen  flows  through  the  organism.  Tlie  following  is  an 
example  of  a  decomposition  depending  on  oxidation  : 

0^  Hs  O2  +  3O2  =  C2    O2  -f-  2CO2  +  m.p 

Butyric  acid.     Oxygcu.      Acetic  acid.    Carbonic  acid.  Water. 

Since  the  time  of  Lavoisier  the  idea  has  generally  prevailed  that  the 
mere  affinity  of  oxygen  for  carbon,  hydrogen,  etc.,  with  the  excitement  of 
the  organic  molecules  produced  by  heat,  are  the  causes  of  decomposition 
in  the  body,  as  they  are  in  a  burning  coal.  The  comjiaratively  low 
temperature  of  the  body,  38°  C.  (100°  F.)  is  a  serious  obstacle  to  the 
entertainment  of  such  a  hypothesis,  which  some  have  endeavoured  to 
surmount  by  the  theory — now,  however,  proved  to  be  without  sufficient 
foundation — that  the  oxygen  is  in  the  form  of  ozone. 


44 


TEXT-BOOK  OK  PHYSIOLOGY. 


Ferments  and  their  Effects. 

The  subject  of  fermentation  grows  daily  more  important  in  jihysio- 
logy,  pathology,  and  practical  medicine.  The  digestion  of  the  food  is 
almost  entirely  the  work  of  ferments.  They  aftect  the  composition  of  the 
blood  as  it  passes  through  the  liver.  They  probably  occur  widely  in  the 
tissues,  and  either  exist  in  the  blood  in  its  normal  states,  or  speedily  appear 
in  it  under  various  abnormal  conditions.  A  ferment  {Bacillum  anihracia) 
appears  certainly  to  be  the  cause  of  splenic  fever,  and  other  forms  of 
zymotic  disease  are  probably  due  to  them.  That  they  are  the  determining 
cause  of  putrefaction — and  that  antiseptic  agents  probably  act  l)y  de- 
stroying them — Pasteur  {Op.  13,  vol.  Ivi.  p.  1 189)  was  the  first  to  maintain, 
(1863),  and  to  point  out  the  importance  of  applying  this  principle  in 
practical  surgery  ;  but  the  scientific  instinct  of  Lister  Avas  needed  to  grasp 
the  significance  of  the  hint,  and  to  give  it  practical  effect. 

Ferments  are  bodies  having  the  power  of  inducing  chemical  changes 
in  others  without  being  themselves  consumed.  The  ferments  produced 
within  the  body  are  albuminoid  matters  of  unknown  composition.  They 
are  sometimes  termed  unorganised  to  distinguish  them  from  the  organised 
ferments — such  as  yeast.  As  the  unorganised  ferments  are  all  soluble  in 
some  medium,  the  term  soluble  is  sometimes  employed  to  distinguish  them, 
but  as  they  are  non-Uving,  as  contrasted  with  the  organised  or  living  fer- 
ments, tliey  may  be  thus  designated.  The  non-living  ferments  of  the 
body  being  soluble  in  water  may  be  filtered  without  loss  of  power,  and 
salicylic  acid — which  is  fatal  to  living  ferments — does  not  prevent  their 
action  (Kiihne).  Non-living  ferments  are  incapable  of  self-multiiilication. 
Living  ferments  grow  and  multiply  at  the  expense  of  the  matters  in 
which  they  occur,  and  unless  they  are  suitably  fed,  they  die  and  become 
useless. 

Non-living  or  Soluble  Ferments. 

All  the  ferments  capable  of  being  isolated  from  the  tissues  and  fluids 
of  the  body  are  hydrolytic  ;  that  is,  they  all  cause  water  to  be  taken  up  by 
the  substance  in  Avhich  they  induce  decomposition.  Those  as  j'et  known 
may  be  classified  in  three  gi-oups. 

1.  Amylolytic  or  sugar- forming  ferments,  formed  in  the  salivary  glands, 
pancreas,  liver,  and  intestinal  glands,  and  present  in  some  other  organs. 
Most  of  these  convert  starch  and  its  isomeric  ally  glycogen,  into  grape- 
sugar.  The  intestinal  ferment  converts  cane-sugar  into  gi-ape-sugar. 
These  ferments  act  like  dilute  mineral  acids  at  a  boiling  temperature. 

2.  A  fat-decomposing  ferment  formed  by  the  pancreas.  It  causes 
neutral  fats  to  take  up  Avater,  and  to  split  into  glycerine  and  fatty  acids 
at  the  temperature  of  the  body  (38°  C.)  This  ferment  produces  the  same 
effect  as  a  caustic  alkali  at  a  higher  temperature  than  is  necessary  for  the 
action  of  the  ferment. 

3.  Proteolytic  ferments  formed  by  the  gastric  glands  and  pancreas 
transform  soluble  or  coagulated  proteids  into  peptones  and  other  products. 
The  physiology  of  these  ferments  will  be  discussed  in  detail  under 
Digestion. 


INTRODUCTION. 


45 


Living  or  Organised  Ferments. 

To  what  extent — if  indeed  at  all— the  metabolic  phenomena  occurring 
in  the  tissues  are  to  be  regarded  as  of  a  fermentative  nature  is  unknown. 
Therefore,  for  the  present,  it  must  be  simply  stated,  that  the  only  living 
ferments  that  appear  to  exist  in  the  body  in  its  normal  state  are  certain 
fungi  found  in  the  alimentary  canal.  There  they  appear  to  give  rise  to 
putrefaction  of  proteid  particles — in  the  sordes  around  the  teeth — and 
probably  also  in  the  lower  part  of  the  intestine  ;  and  to  lactic  and  butyric 
fermentations  in  the  stomach.  In  abnormal  states  they  may  find  their 
way  into  the  urinary  passages,  and  induce  decomposition  of  the  urine ; 
and  they  may  also  enter  the  blood  and  other  parts,  and  there  become  the 
cause  of  deadly  disease. 

Yeast  as  a  Ferment. — As  yeast  is  the  type  of  an  organised  or  living 
ferment,  some  facts  with  regard  to  its  action  may  not  be  inappropriately 
stated  here.  It  transforms  cane-sugar  into  grape-sugar,  and  induces 
alcoholic  fermentation  in  the  latter.  About  98  per  cent  of  the  sugar  is 
split  up  into  alcohol,  carbonic  acid,  and  small  quantities  of  glycerine  and 
succinic  acid ;  while  nearly  two  per  cent  of  the  sugar  disappears ;  being  prob- 
ably, as  Pasteur  suggests,  appropriated  by  the  protoplasm  of  the  torula. 

Yeast  cannot  induce  alcoholic  fermentation  unless  it  he  living.  A  boil- 
ing temperature,  ether,  chloroform,  carbolic  and  salicylic  acids,  creosote, 
etc.,  all  destroy  its  vitality,  and  prevent  alcoholic  fermentation.  Further, 
unless  yeast  be  supplied  with  the  food  necessary  for  the  life  of  its  proto- 
plasm (p.  20) — e.g.  if  it  be  sown  in  distilled  water  and  sugar — it  soon  dies, 
and  its  power  as  an  alcoholic  ferment  ceases.  It  was  maintained  by 
Liebig  that  the  fermentative  power  of  yeast  is  due  to  a  catalytic  effect 
of  its  azotised  matter  while  undergoing  oxidation — he  being  entirely 
opposed  to  the  doctrine  that  the  life  of  the  yeast  is  concerned  in  the  result. 
But  when  the  yeast,  sown  in  distilled  water,  dies  and  decomposes,  the 
proteids  of  its  protoplasm  are  precisely  in  that  condition  which,  according 
to  Liebig,  is  favourable  to  its  activity  as  a  ferment.  Therefore,  however 
much  remains  doubtful,  this  is  certain,  that  yeast  acts  as  an  alcoholic  ferment 
only  ivhen  it  lives.  No  one  has  succeeded  in  separating  an  alcoholic  ferment 
from  the  torulffi,  and  the  only  conclusion  as  yet  warrantable  is  that  the 
living  torula  is  itself  the  ferment.  With  regard  to  the  manner  of  its 
action  we  know  nothing  definite,  and  have  no  better  theory  than  that 
long  ago  suggested  by  Stahl, — that  the  living  yeast,  being  in  a  state  of 
inward  commotion,  communicates  to  the  sugar  movements  that  induce  it 
to  take  up  water,  and  resolve  itself  into  new  compounds. 

But  yeast  also  produces  a  non-living  soluble  ferment  separable  from  the 
torulse  after  they  have  been  killed  by  ether  (Hoppe-Seyler,  Op.  42,  p.  522), 
which  transforms  cane-sugar  into  grape-sugar,  although  it  cannot  carry 
the  change  further.  The  distinction  between  the  living  alcoholic  ferment 
and  the  non-living  glucose-forming  ferment  in  connection  with  yeast  is  ob- 
viously of  great  interest,  and  important  in  its  bearing  on  the  whole  question 
of  organised  ferments.  By  killing  the  yeast  all  fermentative  j)ower  is  not 
abolished,  but  merely  a  certain  fermentative  poiver  dependent  on  its  living  state. 

Bacteria  anh  their  Effects. — Bacteria  are  elementary  organisms 
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having  the  characters  of  fungi.  They  appear  to  Ije  minute  non-micleated 
particles  of  protoplasm  enclosed  in  a  cellulose  envelope.  They  live  readily 
in  fluids  containing  proteid  matter  in  solution,  but,  like  fungi,  they  can 
also  thrive  in  Pasteur's  fluid  (p.  20).  Like  yeast,  they  require  oxygen, 
which  they  may  obtain  from  the  air  dissolved  in  the  fluid,  or  from  some 
decomposable  organic  substance  which  contains  it. 

Our  knowledge  of  bacteria  is  as  yet  so  imperfect,  that  classifications 
hitherto  proposed  can  only  be  I'egarded  as  temporary.  Cohn  {Op.  35,  i. 
p.  146)  proposes  to  divide  them  into  four  groups — 1.  Globular  bacteria, 
represented  by  Micrococcus  (Fig.  10).  2.  Rod-like  bacteria.  Bacterium 
termo  (Fig.  11).  3.  Thread-like  bacteria,  including  Bacilhim  and  Vibrio. 
4.  Spiral  bacteria,  including  Spirillum  and  Spirochete.  The  researches 
of  Lister  {Op.  8,  vol.  xiii.  p.  381)  have,  however,  very  clearly  proved 
the  inadequacy  of  any  classification — such  as  Cohn's — based  exclusively 
on  morphological  features,  for  the  rod-like  bacterium  {Bacterium,  lactis) 
that  occasions  the  lactic  acid  fermentation,  assumed  thread-like 
and  toruloid  forms  when  sown  in  urine,  rod-like  forms  when  transferred 
from  the  urine  to  Pasteur's  fluid,  thread-like  and  rod-like  forms  when 
re-ti'ansferred  from  the  Pasteur's  fluid  to  urine,  and  rod-like  and  thread- 
like forms  after  it  was  re-transferred  to  boiled  milk.  Yot,  notwith- 
standing the  various  fluids  in  which  it  had  been  sown,  and  which  had 
effected  notable  changes  in  its  morphological  characters,  its  physiolo- 
gical property  of  inducing  lactic  acid  fermentation  was  retained.  Thus, 
it  seems  evident  that  a  classification  of  bacteria  on  physiological,  instead 
of  morphological  grounds,  will  have  to  be  adopted.  This  is  also  very 
strikingly  illustrated  by  the  fact  that  the  bacterium  which  occasions 
butyric  fermentation  {BacUlum  subtilis)  and  the  bacterium  which  induces 
splenic  fever  {Bacillum  anthracis)  are  identical  in  morphological  characters 
and  in  life-history ;  yet  when  B.  suhtilis  is  injected  under  tlie  skin  of  an 
animal  no  evil  eff'ects  ensue,  but  when  B.  anthracis  is  injected,  "  splenic 
fever,"  and  it  may  be  death,  are  the  result. 

This  dilfercnce  of  physiological  effect  with  identity  of  mmphological  character 
is  a  cardinal  point  in  the  considerations  that  cluster  around  bacteria. 

Micrococcus. — If  a  piece  of  unboiled  meat  be  triturated  with  cold  water, 
the  fluid  filtered,  and  placed  in  an  ordinary  vessel,  and  kept  at  summer  heat, 
it  becomes  in  a  day  or  two  somewhat  turbid,  and  a  scum  or  pellicle  appears 
on  the  surface.    The  pellicle  consists  of  a  multitude 
,.  of  minute  globular  bacteria — micrococci — imbedded 

^'^®     in  a  clear  jelly  termed  zoogloea  (Fig.  10,  a).  The 
zoogloea  is  analogous  to  that  produced  around  the 
familiar  alga — palmella,  but  whether  it  is  secreted 
by  the  micrococci  or  produced  from  substances  in 
Fig.  10.  Micrococci,  a  im-    j     g^^j.j.oui,ding  fluid  by  a  sort  of  fermentative 

boddeil  in  a  zooglom,  X  aoout  o  _  i-  i 

400 ;  b,  free  and  more  highly  influence  IS  uukuowu.  Micrococci  are  exceedmgly 
magniiied;  6' b' ,  undergoing  miuute,  being  Only  about  1     (._,  g^oo  "^^h)  in  diam. 

They  are  comparable  to  torulse  in  so  far  as  they 
are  minute  particles  of  protoplasm,  in  what  appears  to  be  an  envelope  of 
cellulose.  Unlike  torulse,  however,  they  proliferate  by  fission  {b'  b").  In 
their  jelly,  micrococci  exhibit  luo  locomotion,  but  when  free,  and  not  clinging 
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to  any  fixed  objects,  they  exhibit  an  irregular  dancing  movement,  which, 
so  far  as  Ave  know  at  present,  seems  to  be  Broivnian  motion;  an  irregular 
vibratory  movement  common  to  all  fine  particles  floating  in  a  fluid.  It 
is  purely  physical,  and  probably  results  from  thermal  changes  in  the  fluid. 

Baderium  termo  may  also  be  found  in  great  numbers  with  micrococci 
in  the  putrefying  juice  of 
meat  as  well  as  in  othei'     ^  . 
imtrefying  fluids.  It  some-  /.?^^-4^„ 
times    consists   of   one,  y^^'^" 

mostly  of  two,  and  rarely  '  ,^xJ-^3>-£^^-^^-2n^ 

of  three  or  more  segments.  ^ 
Its   breadth    is   usually  ^'^^^^'^^Ss.lij^^ss^ 
about  1  /X,  and  the  length  s° 

of   one   Seo'ment    USUallv  ^f"^'^™'"'  termo,  a,  forming  ii  zoogluea  ;  b,  free,  x  600 

,  _        /P  *?.   \      "R  f  c  c',  dividing  ;  c",  with  flagella  ;  c'",  division  nearly  complete,  with 

I  '0  fJ.   (Uonn).      ±>Ut     as  growing  flagella  forming  a  connecting  link  (after  Dalliuger) ; 

in  Bacterium  IciCtis  the  t*.  Bacterium  elongated  to  fonu  a  gonidium-  or  "spore "-containing 

leno-th    of    the    Seo-ment  fi'i^raent  ;  s,  germs  or  "  spores."  (After  Ewart.)   x  4000. 

probably  varies  according  to  the  conditions  under  which  the  fungus  grows. 
A\nien  enveloped  in  a  zoogloea  (Fig.  11,  a),  B.  termo  is  motionless;  when 
perfectly  free,  it  moves.  It  exhibits  two  sorts  of  movements  : — 1,  a  vital 
movement  ;  and  2,  Brownian  movement.  The  vital  motion  is  diie  to  the 
contractions  of  a  pair  of  cilia  or  flagella — one  at  each  end  of  the  minute 
cell  (c").  The  flagella  lash  like  the  tail  of  a  fish,  and  impel  the  individual 
in  a  definite  direction.  They  are  analogous  to  the  flagella  seen  on  the 
familiar  p-otococcus,  and  as  in  that  case,  so  here,  they  are  doubtless  pro- 
longations of  the  protoplasm  through  the  cellulose  envelope. 

Sometimes  the  flagella  cease  to  lash,  and  the  movement  of  the  bacterium  in  a  defijiite 
direction  stops  ;  and  it  can  at  any  time  be  brought  to  an  end,  e.g.,  by  a  boiling  tempera- 
ture or  by  alcohol.  But  although  the  vital  movement  ceases,  Brownian  motion,  always 
present,  but  obscured  by  the  vital  movement,  continues,  so  that,  when  the  free  bacterium 
becomes  "quiescent,"  it  is  quiescence  only  as  regards  the  vital  motion  in  a  definite  direc- 
tion. The  living  bacteria  on  becoming  quiescent  may  secrete  a  zooglrea,  and  thus 
produce  a  colony  {a). 

The  flagella  of  Bacterium  termo  were  recently  discovered  by  Dallinger  and  Drysdale 
{Ojh  9,  vol.  xiv.  p.  10.5),  and  notwithstanding  their  extreme  tenuity,  have  been  measured 
by  the  former,  who  finds  them  to  be  fTrrrrcr  inch  in  breadth,  a  size  almost  inappreci- 
ahle.  Recently  Koch  (OjJ.  35,  year  1877)  has  actually  succeeded  in  taking  a  micro- 
photograph  of  tlie  flagella  and  bacterium. 

Bacterium  termo  commonly  multiplies  by  fission.  After  magenta- 
staining,  the  protoplast  may  be  seen  in  the  act  of  division  (c).  In  others 
the  division  appears  to  be  complete,  but  in  reality  a  minute  protoplasmic 
thread  unites  the  two  segments.  It  afterwards  elongates  and  forms  a 
flexible  link  (c'")  that  remains  for  a  variable  period,  but  finally  snaps  and 
forms  two  flagella.  Another  mode  of  reproduction,  discovered  by  Koch 
{Op.  35,  vol.  ii.  p.  3)  in  the  case  of  Bacillum  anthracis,  and  recently  pointed 
out  by  Ewart  in  this  particular  instance  (0^;.  4,  vol.  xxvii.  p.  474),  consists 
in  the  formation  of  germs  or  gonidia  ;  the  bacterium  elongates  (rf) ;  its 
protoplasm  repeatedly  divides,  and  eventually  forms  small,  bright,  refracting 
particles,  each  with  a  thin  envelope.  The  parent  envelope  gives  way  and 
they  escape.  That  these  are  really  germs  was  proved  by  Koch  {Op.  cit.) 
who  observed  them,  in  the  case  of  Bacillum  anthracis,  sprouting  and 
elongating  into  filaments. 
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As  regards  the  relation  of  Micrococcus  to  Bacterium,  tcrmu,  further  investigation  is 
needed.  It  is  maititained  by  Cienko\v.slvi  {Op.  43)  that  nuurococci  arise  by  repeated 
subdiraion  of  bacteria,  and  it  has  been  generally  supposed  that  inicrooocci  elongate  and 
produce  bacteria  (Colin,  O^;.  35,  vol.  i.  ]>.  149)  ;  but  doubt  has  been  thrown  on  this  by 
Ewart,  who  in  his  experiments  succeeded  in  getting  a  cultivation  where  micrococci  without 
any  rod-like  bacteria  were  present.  The  jireparatinn  was  made  by  inoculating  a  drop  of 
fresh  aqueous  humour  (an  albuminous  fluid)  from  the  eye  of  ;in  ox  by  a  minimal 
quantity  of  pus  taken  from  a  newly-opened  abscess  on  the  point  of  a  calcined  needle 
(Op.  4,  vol.  xxvii.  p.  476),  the  fluids  being  rapidly  placed  on  a  calcined  glass  slip  and 
under  a  calcined  cover-glass,  and  sealed.^  No  elongation  of  micrococci  into  the  rod-like 
bacteria  could  be  detected,  although  watched  for  many  days. 

Bacterium  termo  is  believed  by  many  to  be  probably  the  great  cause, 
though  possibly  not  the  only  one,  of  putrefactive  fermentation  of  albuminous 
substances.  The  elFect  of  micrococcus  is  not  so  clear,  but  it  is  also  very 
commonly  present  where  putrefactive  change  is  taking  place  ;  this  subject 
will,  however,  be  discussed  later. 

Bacillum. — The  Bacillum  stibtilis  of  butyric  fermentation,  and  the 

Bacilhmanthracis{Vig. 
12),  the  ferment  of 
splenic  fever,  are  mor- 
phologically identical, 
and  have  a  life-his- 
tory so  similar  to  that 
of  Bacterium  termo,  al- 
ready described,  that 
a  special  account  need 
not  be  given.^  The 
segments  of  Bacillum 
are  usually  longer  than 
those  of  Bacterium  termo,  but  under  special  circumstances  those  of  the 
latter  sometimes  attain  to  greater  length.  The  totally  different  physio- 
logical effects  of  B.  subtilis  and  B.  anthracis  have  already  been  mentioned. 

Effects  of  Re.a.gents  on  Bacteria. — a.  Heat. — That  fully  formed 
bacteria  are  killed  by  ebullition  is  what  might  be  expected,  indeed, 
a  much  lower  temperature  than  lOOo  C.  (212°  F.)  is  sufficient :  thus,  while 
Bacterimn  termo  multiplies  rapidly  between  30°  and  35°  C,  it  is  kQled  by  a 
fourteen  hours'  exposure  to  40°  C,  or  a  three  hours'  exj^osure  to  45°  C. 
(Eidam,  Op.  35,  vol.  i.  p.  223).  The  (/erms  of  bacteria,  however, 
are  not  so  easily  killed.  In  the  chy  state  tliey  may  be  heated  to 
110°  C.  (230°  F.)  without  losing  their  vitality  (compare  effect  of  heat 
on  dried  albumin,  p.  35),  but  they  are  destroyed  by  a  temperature 
of  120°  C.  (248°  F.)  Sanderson  and  Ewart  {Op.  4,  vol.  xxviii.  p.  477). 
In  a  moist  condition  the  germs  are  destroyed  at  a  lower  temperature,  but 
as  Tyndall  ((?/^  3,  vol.  clxvii.  p.  149)  has  conclusively  shown,  it  is  an 
error  to  suppose  that  ebullition  for  a  few  minutes  is  in  all  cases  sufficient 
for  their  destruction.  Thus  he  found  from  a  large  number  of  experi- 
ments, that  the  bacterial  germs  in  old  hay,  when  boiled  in  an  infusion  of 

1  These  precautions  are  needed  to  destroy  the  germs  of  other  fungi. 

^  The  term  Bacillum  might  well  be  abandoned  and  Bacle7-iu7ii  substituted  ;  for  the 
former  only  introduces  needless  confusion,  and  in  point  of  etymology  is  indefensible,  for 
while  pdKTpov  means  a  staff  or  rod,  bacillum  is  the  diminutive  of  haculum  and  means  a 
little  staff.  Yet  Bacillum  is  applied  to  a  body  longer  than  the  ovdina.ry  Bacterium  termo. 


Fig.  12.  BaciUum  anthracis,  a,  in  a  zooglcea ;  b,  free  ;  c  c',  dividing  ;  e' 
divided;  d,  eloiigiiting  to  form  a  gonldium- or  "  spore  "-containing  flla- 
nient  rf' ;  s,  spores;  s",  gonidia  dividing;  g,  gouidium  sprouting  to 
form  a  lllauient.    Iliglily  ningnilled.  (Ewart.) 
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turnip,  are  not  with  certainty  sterilised  by  ebullition,  unless  it  be  continued 
for  four  hours  (lib,  cit.  p.  177).  In  an  infusion  of  cucumber,  the  vital 
resistance  of  the  germs  was  found  to  be  quite  as  great.  Ignorance  of  this 
fact  has  been  the  cause  of  much  trouble  to  those  desirous  of  proving  the 
gro%mdless  supposition  that  bacterial  and  other  small  things  may  arise  de  novo 
in  turnip  infusion  and  similar  fluids.  The  probable  explanation  of  this 
remarkable  fact — that  dried  bacterial  germs  are,  as  above  stated,  not  killed 
by  temperature  under  120°  C.  (248°  F.) — is,  that  the  envelope  of  the  germ 
becomes  by  desiccation  extremely  impervious  to  moisture,  and  requires  to 
be  exposed  to  even  boiling  water  for  several  hours  before  it  is  penetrated 
and  the  protoplasm  destroyed 

Pasteur  in  1862  {Op.  44,  vol.  Ixiv.)  observed  the  singular  fact,  that  while  acid  fluids 
are  steiilised  by  a  temperature  of  100°  C,  a  few  degrees  more  are  needed  to  sterilise 
alkaline  fluids  ;  e.g.  alkaline  urine. 

b.  Chemical  Reagents. — Bacteria  are  killed  by  carbolic  acid,  salicylic 
acid,  alcohol,  and  various  other  antiseptic  agents.  Paul  Bert  {Op.  13, 
vol.  Ixxx.  p.  1579),  has  recently  shown  that  when  flesh,  moist  bread,  fruits, 
wines,  etc.,  are  exposed  to  pure  oxygen,  under  pressures  varying  from  ten 
to  twenty-seven  atmospheres,  putrefaction  is  entirely  prevented,  and  it 
required  a  long  subsequent  exposure  to  common  air  to  bring  it  about. 
TJie  eff"ect  cannot  be  mechanical,  for  such  pressures  with  ordinary  air 
instead  of  with  pure  oxygen  entirely  fail  to  sterilise  the  putrefactive  germs. 

Bacteria  as  Ferments. — That  a  bacterium,  named  by  Lister  the 
Bacterium  lactis,  is  the  cause  of  lactic  acid  fermentation  was  long  ago 
surmised  by  Pasteur,  and  has  been  completely  proved  by  Lister  {Op.  8, 
vol.  xviii.  p.  1 7  7).  It  is  just  as  certainly  the  cause  of  lactic  fermentation, 
as  yeast  is  of  alcoholic  fermentation.  The  remarkable  morphological 
changes  which  the  Bacterium  lactis  undergoes  when  sown  in  difi'erent 
fluids,  with  retention,  however,  of  its  lactic  fermentative  power,  have  been 
already  alluded  to. 

That  the  Bacillum  subtilis  is  the  cause  of  the  butyric  fermentation  is 
highly  probable,  while  it  seems  certain  that  the  Bacillum  anthracis  is  the 
cause  of  splenic  fever, — which  is  therefore  probably  of  the  nature  of  a 
fermentation.  Many  are  equally  convinced  that  putrefaction  is  also  due 
to  ferments,  and  that  the  particular  ferment  is  notably  the  Bacterium 
termo.  Wherever  putrefaction  is  taking  place,  bacteria  are  found  grow- 
ing and  multiplying,  and  the  question  arises, — Are  they  themselves 
the  destructive  agents  that  occasion  putrefactive  change,  or  do  they 
merely  revel  amidst  the  chaos  of  its  results,  like  sea-fowl  in  the  wake  of 
a  vessel  1  There  are  some  who — following  the  teaching  of  Liebig,  that 
putrefaction  is  merely  due  to  oxidation — incline  to  the  latter  idea.  But 
it  becomes  untenable  when  narrowly  examined. 

1.  A  watery  solution  of  peptones  (p.  36)  is  a  fluid  rich  in  proteid  matter; 
apt  to  putrefy,  and  having  the  advantage  over  an  ordinary  albuminous 
fluid  of  not  coagulating  on  heating.  Such  a  solution  made  of  a  specific 
gravity  about  1005  putrefies  when  placed  in  any  ordinary  vessel,  and 
kept  at  30-35°  C.  If  the  unboiled  fluid  be  placed  in  a  flask  that  has 
not  been  exposed  to  a  high  temperature — it  matters  not  whether  its 
niouth  be  open,  or  closed  with  a  cork,  or  glass  stopper,  or  plug  of  cotton- 
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wool — it  in  time  swarms  with  bacteria.  2.  If  say  lialf  a  dozen  glass 
flasks  be  half  filled  with  the  solution  of  peptones,  their  mouths  firmly 
plugged  with  cotton-wool,  and  all  placed  in  a  water  bath,  boiled  for  aii 
hour  or  so,  and  then  set  aside  and  kept  at  the  moderate  temperature  of 
30-35°  C,  putrefaction  scarcely  ever  ensues,  and  yet  there  is  oxygen  in  the 
air  of  the  flask  ready  to  oxidise  the  proteid  material,  if  that  were  enough 
to  occasion  putrefaction.  But  as  soon  as  the  merest  trace  of  bacterial 
scum  is  introduced  into  the  fluid  in  the  flask,  and  the  cotton-wool  plug 
replaced,  putrefaction  begins,  and  though  it  Avere  a  flask  capable  of  hold- 
ing a  large  quantity  of  peptone  fluid,  it  would  be  found  that  after 
inoculation  with  a  minute  particle  of  bacterial  scum,  the  merest  trace  of 
the  putrefying  fluid  could  in  turn  excite  putrefaction  in  another  ;  evidently 
because  the  putrefiictive  ferment  is  capable  of  self-multiplication.  But  if 
the  bacterial  fluid  be  thoroughly  boiled,  it  no  longer  serves  to  induce  putre- 
faction in  another.  On  Liebig's  theory  this  seems  inexplicable,  for  why 
should,  the  tempei'ature  of  boiling  water  destroy  the  cause  of  fermentation 
in  a  NON-COAGULABLE  fluid  if  tliat  cause  he  not  living'}  There  is  but  one 
feasible  explanation — viz.  that  pxdref action  is  due  to  a  ferment,  and  that 
ferment  w  living  bacteria.  To  inoculate  such  fluids  with  putrefactive 
ferment,  bacterial  scum  is  not  essential,  a  drop  of  ordinary  unboiled  water, 
or  the  contact  of  any  solid  body  not  exposed  to  a  sufficient  heat,  or  to 
other  antiseptic  agents  such  as  carbolic  acid,  may  suflBce  to  introduce  the 
putrefactive  ferment,  for  bacterial  germs  contaminate  the  outer  surfaces  of 
all  solids,  and  exist  in  air  as  well  as  in  water.  Some  indeed  have  stated 
that  bacterial  germs  are  not  conveyed  through  the  air,  but  only  by  water 
and  solids ;  it  need  not  be  doubted,  however,  that  this  is  an  error. 

We  are  indebted  to  Lister  {Op.  8,  xviii.  p.  179)  for  proof  of  the  fact 
that  putrefactive  germs  do  not  exist  in  the  blood,  in  its  normal  condition 
at  all  events.  Thus,  if  blood  be  run  from  the  vein  of  an  animal  through 
a  calcined  glass  tube,  into  a  glass  flask  that  has  been  heated  to  300°  F., 
and  allowed  to  cool  in  a  chamber  whose  air  has  been  purified  by  the  fine 
spray  of  carbolic  acid,  the  flask  may  be  kept  simply  covered  with  an 
inverted  watch-glass  and  under  a  Isell-jar  without  putrefaction ;  yet, 
under  these  conditions,  if  the  blood  be  inoculated  with  bacteria,  it  putrefies 
rapidly.  Lister  also  showed  that  the  same  holds  true  of  milk  with 
regarcl  to  the  Bacterium  lactis,  it  is  not  present  in  the  milk  when  secreted, 
but  appears  in  it  only  after  external  contamination.  Chiene  and  Ewart 
{Op.  1,  vol.  xii.  p.  448)  have  made  experiments  on  this  point,  and  have 
supplemented  Lister's  observations  by  demonstrating  that  in  living 
healthy  rabbits  neither  bacteria  nor  their  germs  exist  in  the  liver,  spleen, 
kidneys,  pancreas,  lymphatic  glands,  and  urinary  bladder,  although  they 
exist  in  great  numbers  in  the  stomach. 

There  is  therefore  a  sound  scientific  basis  for  that  system  of  surgery 
devised  by  Lister,  which  seeks  to  prevent  putrescence  of  the  exposed 
fluids  and  internal  solids  of  the  body  by  guarding  them  from  the  entrance 
of  the  germs  of  putrefactive  ferments.  (The  eff'ects  of  putrefactive  ferments 
on  proteids  have  been  stated  at  p.  39.) 

In  addition  to  the  works  referred  to  in  the  text,  consult  those 
mentioned  by  Ray  Lankester  in  Op.  8,  vol.  xviii.  p.  455. 


SECTION  II. 
PHYSIOLOGY  OF  THE  TISSUES. 


— ♦ — 

ENUMERATION  OF  THE  TISSUES. 


The  term  tissue  has  by  some  been  conflned  to  coherent  groups  of  similar 
morphological  units,  such  as  epithelial  and  cartilaginous  tissues.  The 
blood-corpuscles  being  detached  units  floating  in  a  fluid,  do  not  fall  within 
this  definition.  It  is  therefore  more  convenient  to  give  a  less  restricted 
meaning  to  the  term,  and  to  apply  it  generally  to  all  the  elementary 
organised  constituents  of  the  body.  The  elementary  tissues  may  be 
grouped  as  follows  : — 

Blood  and  lymph  corpuscles. 

Epithelial  tissue. 


Connective  tissues 


Cartilaginous  tissues. 
Mucous  tissue. 
Eetiform  tissue. 
Ordinary  connective  tissue. 
Osseous  tissue. 


Adipose  tissue. 
Dental  tissues. 
Muscular  tissue. 
Nerve  tissues. 

The  bodily  organs  consist  of  assemblages  of  two  or  more  elementary 
tissues. 


CHAP  TEE  VI. 

BLOOD-CORPUSCLES. 

The  blood  consists  of  corpuscles  in  a  fluid — the  plasma,  or  liquor  san- 
guinis. The  corpuscles  are  chiefly  of  two  sorts,  coloured  and  colourless  ; 
and  in  addition  to  these  there  are  some  minute  particles,  the  so-called 
"granules  of  the  blood." 

The  colourless  corpuscles  are  found  in  the  blood  of  all  animals.  In 
the  invertebrata  and  in  the  lowest  vertebrate  {Amphioxus  lanceolatus)  the 
corpuscles  are  all  colourless.  In  all  other  vertebrates  two  kinds  of 
corpuscles  occur,  and  the  coloured  are  more  numerous  than  the  colour- 
less corpuscles. 
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The  colourless  having  a  simpler  structure  than  the  coloured  corpuscle, 
and,  preceding  it  in  the  order  of  development,  will  be  studied  first. 

WHITE  BLOOD-CORPUSCLES. 

In  all  animals  the  colourless  blood-corpuscles  are  nucleated  masses  of 
amoeboid  protoplasm. 

White  Corpuscles  of  Newt's  Blood. — Amphibians  having  larger 
blood-corpuscles  than  other  animals,  their  blood  is  particularly  suited  for 


Fig.  13.  Colourless  corpuscles  of  newt's  blood,  a.  Large  finely-granular  corpuscle,  o',  The  same 
corpuscle  half  an  hour  Later.  6,  Coarsely-granular  corpuscle  ;  ii,  nuclei ;  v,  vacuole  ;  c,  d,  g,  small 
white  corirascles.  All  the  ahove  corpuscles  are  contractile,  c,  f,  Motionless  corpuscles,  probably  old 
nuclei  of  coloured  corpuscles.   X  450. 

microscopical  studj'',  and  the  blood  of  the  newt  is  preferable  to  that  of 
the  frog,  on  account  of  the  larger  size  of  its  corpuscles,  and  also  because 
of  other  points  of  difference.  If  a  drop  of  blood  be  drawn  from  the  tail 
of  the  newt,  placed  on  a  glass  slip,  and  covered,  before  it  coagulates,  with 
a  thin  glass,  and  then  magnified  about  300  diam.,  the  corpuscles  may  be 
readily  seen,  but  a  magnifying  power  of  1000  diam.  is  more  advantageous. 
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In  the  newt's  blood  the  ■white  corpuscles  may  be  divided  into  three 
varieties:  1.  The  large  finely-granular  corpuscle  (Fig.  13,  a,  a').  2.  The 
coarsely-granular  corpuscle  {b).    3.  The  small  white  corpuscles  (c,  d.  g). 

1.  The  large  finely-granular  corpuscle  is  the  most  common  variety.  It  is 
about  62  (j-Jtj-  inch)  in  diam.,  and  is  a  mass  of  finely-granular  protoplasm, 
with  two  or  three  nuclei,  but  without  any  evident  envelope  (periplast). 
The  corpuscle  is  inelastic,  and  decidedly  viscous.  In  consequence  of  its 
viscosity  it  tends  to  cling  to  the  lining  membrane  of  the  blood-vessels,  as 
may  be  witnessed  in  the  tadpole's  tail  or  frog's  web. 

The  corpuscle  is  contractile,  and  exhibits  amoeboid  movements,  by 
which  it  can  migrate  from  place  to  place. 
It  can  even  emigrate  from  the  blood 
through  the  walls  of  the  capillaries  and 
smaller  veins  into  the  suiTounding  tissues. 
This  emigration  (diajmlesis),  first  demon- 
strated by  Augustus  Waller  (Op.  36, 
year  1846),  and  re-discovered  by  Cohn- 
heim  (Oj).  19,  voL  xl.,  year  1867),  may 
be  observed  at  any  time  in  the  tadjiole's 
tail  (Fig.  14),  but  it  occurs  more  especially 
during  the  process  of  inflammation.  The 
emigration  is  very  tardy,  and  that  of  a 
single  corpuscle  may  occupy  from  one  to 
three  hours. 

The  pseudopodia  of  the  corpuscle  may 
fuse  together  at  their  apices,  and  the 
facility  with  which  they  do  this  seems 
to  preclude  the  idea  of  the  existence  of 
an  envelope.  Sometimes  they  enclose  a 
drop  of  fluid,  and  thus  a  vacuole  (v)  is 
formed  in  the  protoplasm.  Vacuoles,  however,  usually  arise — not  in  this 
manner — but  by  some  internal  centrifugal  movement  of  the  protoplasm, 
whereby  it  leaves  a  space  in  its  midst  filled  with  fluid.  Sometimes  the 
corpuscle  becomes  elongated,  its  extremities  move  in  opposite  directions, 
while  the  intervening  portion  becomes  more  and  more  attenuated  (a', 
Fig.  13)  and  may  finally  give  way.  Occasionally  the  extremity  of  a 
protoplasmic  process  becomes  detached  in  this  manner. 

2.  The  coarsely-granular  corpuscle  (h,  Fig.  1 3)  is  not  nearly  so  numerous 
as  the  first  variety.  It  is  a  nucleated  mass  of  coarsely-granular  protoplasm. 
It  usually  exhibits  active  amoaboid  movement.  The  protoplasm  streams 
out  into  pseudopodia,  that  are  usually  at  first  perfectly  clear  and  homo- 
geneous, until  the  granules  suddenly  start  oflf  and  run  into  them.  When 
there  is  a  general  excitement  of  the  mass  one  may  often  see  a  set  of 
granules  moving  in  one  direction,  while  a  neighbouring  set  moves  the 
opposite  way : — as  in  the  protoplasm  of  the  Tradescantia  cell  (Fig.  6). 

3.  Tlie  small  white  corpuscles  present  various  appearances.  In  one  sort  (c)  there  are 
one  or  two  nuclei  in  a  considerable  mass  of  finely-granular  protoplasm.  In  another  {g) 
the  nuclei  are  more  numerous,  and  the  protoplasm  inore  transparent.  In  a  tliird  (d) 
there  is  a  large  nucleus  surrounded  by  a  relatively  small  quantity  of  protoplasm.  All  of 
them  exhibit  amceboid  motion. 


Fig.  14.  Diapedesis  of  wliite  blood-cor- 
puscles through  the  wall  of  a  cai)illai-y  in 
the  tail  of  a  tadpole,  w.  White  corpuscle 
clinging  to  the  wall  of  the  vessel ;  vj'  vj", 
white  corpuscles  emigrating  ;  id'",  emigrated 
white  corpuscle  ;  c  c',  connective  tissue  cor- 
puscles ;  r,  coloured  blood  corpuscles. 
X  300. 
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Tliere  are  other  corpuscles  {«,  y)  which,  though  colourless,  are  of  a  diirereiit  nature 
from  the  white  corpuscles  proper.  They  refract  light  strongly,  and  have  no  amoeboid 
movements.  They  are  probably  the  free  nuclei  of  broken  down  coloured  corpuscles  >  (com- 
pare d,  Fig.  18). 

Entanglejment  of  Solid  Particles. — Like  the  amoeba,  the  proto- 
plasm of  the  white  corpuscles  can  entangle  and  envelope  solid  particles. 
Thus,  if  carmine,  vermilion,  indigo,  or  aniline-blue  be  reduced  to  a  state 
of  very  fine  division,  mixed  with  serum  or  dilute  albumin,  and  added  to 
a  drop  of  newt's  blood — gently  heated  (30°  C.)  to  hasten  amoeboid  move- 
ment— the  coloured  particles  are,  as  it  were,  eaten  by  the  corpuscles. 
The  importance  of  this  observation — first  made  by  Scliultze  {Op.  18,  i. 
p.  1) — has  been  shown  by  Cohnheim,  who  injected  finely  divided  aniline- 
blue  into  a  subcutaneous  lymph  sac  of  the  frog.  The  lymph  corpuscles 
(young  white  blood-corpuscles)  enveloped  the  pigment  granules,  and  entered 
the  circulation.  After  some  days,  inflammation  of  the  cornea  was  arti- 
ficially induced.  Pus-corpuscles  appear  in  the  cornea,  and  in  many  other 
parts  when  inflamed.  VirchoAV  taught  that  all  the  pus  corpuscles  in  this 
case  arise  from  proliferation  of  the  connective  tissue  corpuscles  of  the 
cornea.  Probably  some  of  them  do  arise  in  this  way,  but  Cohnheim 
proved  that,  at  all  events,  many  of  them  are  white  blood-corpuscles  that 
have  emigrated  from  the  vessels  at  the  margin  of  the  cornea ;  for  he 
found  that  when  he  irritated  the  corneiB  of  frogs  having  their  blood-cor- 
puscles artificially  pigmented,  many  of  the  pus  cells  in  the  cornea  contained 
blue  pigment  granules.  The  structural  characters  of  pus  cells  are  identical 
with  those  of  white  blood-corpuscles. 

Effects  of  Reagents. — Magenta,  carmine,  and  some  other  dyes  bril- 
liantly stain  the  rtuclei,  and  to  a  less  extent  the  surrounding  protoplasm. 

Dilate  acetic  acid,  or  dilute  solutions  of  camtic  alkali,  arrest  the  amoe- 
boid motion,  by  paralysing  the  protoplasm,  which  they  render  extremely 
transparent,  and  thus  reveal  the  nuclei,  on  which,  however,  they  appear 
to  have  little  eff"ect  (Fig.  20,  b). 

Water,  when  added  in  sufficient  quantity,  paralyses  the  protoplasm, 
which  swells  up  from  endosmose. 

Electricity  and  heat  produce  efi"ects  similar  to  those  already  described 
in  the  case  of  the  amoeba  (p.  24). 

White  Corpuscles  of  Human  Blood. — When  a  drop  of  human 
blood  is  placed  under  the  microscope,  it  is  at  first  somewhat  difiicult  to 
detect  the  white  corpuscles,  owing  to  their  relatively  small  number.  Ere 
long,  however,  the  coloured  corpuscles  run  into  rouleaux  (Fig.  1.5,  c), 
leaving  the  white  corpuscles  (w,  tv')  more  or  less  isolated  in  the  meshwork. 
The  ordinary  white  corpuscle  of  human  blood  (Fig.  1 6,  e,  d)  resembles 
the  common  white  corpuscle  of  newt's  blood  in  every  respect  save  size. 
It  is  a  mass  of  nucleated  amoeboid  protoplasm,  without  any  apparent 
envelope.  The  nuclei  vary  from  one  to  five ;  usually  there  are  three.  The 
corpuscles  vary  from  8  to  1 6  /y,  {-5^^  to  j-g-V diameter,  that  is, 
from  about  the  same  size  to  twice  the  size  of  the  coloured  corpuscle. 

>  When  a  drop  of  newt's  blood  has  been  kept  for  some  time  between  two  slips  of  glass, 
the  coloured  corpuscles  become  decidedly  altered  :  amongst  other  things,  their  nuclei 
become  e.xtravasated.  The  forms  e  and  /  in  Fig.  13  may,  however,  be  seen  in  per- 
fectly fresli  blood. 
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Sometimes  one  may  find  in  a  drop  of  human  blood  a  coarsely-granular 
corpuscle  resembling  that  of  the  newt's  blood  (Fig.  13,  b),  and  in  every 


Fig  15.  Human  blood,    c,  Coloured  Fig.  IG.  Human  blood  coi-puscles. 

corpuscles  in  rouleaux ;  w,  w',  white  Coloured  corpuscle  lying  (a)  on  Its 

corpuscles,    x  300.  broad  surface  (/))  on  edge  :  c,  rouleaux 

of  coloured  coriiuscles  ;  white  cor- 
puscles iiucleated  (d,  e)  ;  without  nuclei 
(/).    X  1000. 

drop  of  blood  one  may  with  a  very  high  power  (1000  diam.)  see  here 
and  there,  as  Beale  was  the  first  to  show,  extremely  minute  non-nucleated 
particles  of  protoplasm,  some  of  which  are  probably  detached  from  the 
pseudopodia  of  the  larger  corpuscles. 

As  regards  amoeboid  movements  and  the  effects  of  re-agents,  the  state- 
ments already  made  regarding  the  newt's  corpuscles  are  applicable  here, 
with  this  difference,  however,  that  as  the  human  corpuscles  are  normally 
at  a  temperature  of  38°  C.  (100°  F.),  they  require  to  be  kept  at  that  tem- 
perature to  show  their  amoeljoid  movements  perfectly. 

The  term  leucocyte  is  applied  by  some  to  lymph-cells  and  white  blood- 
cells,  the  wandering  cells  of  connective  tissue,  and  pus-cells.  All  these 
corpuscles  have  a  similar  structure,  and  most  of  them  a  similar  origin. 

Chemical  Composition. — Owing  to  the  impossibility  of  isolating  the 
white  corpuscles  in  numbers  suflBcient  for  analysis,  their  chemical  compo- 
sition cannot  be  directly  ascertained.  Doubtless  they  have  a  composition 
similar  to  that  of  undifferentiated  protoplasm  generally.  As  pus-corpuscles, 
however,  are  optically  identical  Avith,  and  in  many  cases  are  emigrated 
white  blood-corpuscles  (p.  54),  their  composition  is  probably  similar  to 
that  of  the  blood-corpuscles. 

Pus-coqiiLscles  contain  several  proteids — one  closely  allied  to  myosin,  and  anotlier  to 
alkali-albumin.  There  is  also  a  relatively  large  proportion  of  a  carbohydrate — glycogen, 
and  an  azotised  fat — lecithin.  The  chief  salt  is  potassium-phosphate.  The  nuclei  con- 
tain nuclein  (p.  37).— Micscher,  0]}.  21,  Heft  4,  p.  441. 

COLOURED  BLOOD-CORPUSCLES. 

Colour  and  Shape. — In  all  animals  the  coloured  corpuscles  are  red 
when  seen  in  mass,  but  ^xJe  yellow  when  viewed  singly.  Their  pigment 
is  haemoglobin  (p.  37).  They  have  no  amoeboid  or  other  contractile 
motion,  and  although  very  extensible  they  are  perfectly  elastic,  and  there- 
fore have  shapes  that  are  definite,  unless  Avheii  distorted  by  pressure. 
Possessing  a  smooth  and  non-viscous  surface,  they  readily  glide  past  each 
other  within  the  blood-vessels.    They  present  two  types  as  regards  sJiape, 
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and  two  as  regards  structure.  Thus,  with  regard  to  sluqje,  they  .are — 1. 
Circular  biconcave  discs  in  all  mammals  excepting  the  camel  tribe,  and  in 
some  cyclostomatous  fishes ;  2.  They  are  oval  and  biconvex  in  all  other 
vertebrates,  viz.  in  fishes,  amphibians,  reptiles,  birds,  and  in  the  camels. 
In  point  of  structure — 1.  They  are  non-nucleated  in  all  mammals ;  2.  they 
are  nucleated  in  all  other  vertebrates. 

Size. — As  regards  size,  they  vary  greatly  in  different  animals,  being 
largest  in  amphibians,  and  smallest  in  mammals.  A  conception  of  their 
relative  sizes  throughout  the  vertebrata  generally  may  be  obtained  from 
Fig.  17. 


Mammals 


BiKDS. 


OP  I  ,DPJ 
.p  P  P  P>  O  P  O 

,Cs)  <^ 


Reptiles 


AmI'HIBIANK  ...  - 


Fishes 


4000''"     OF   AN  INCH 

Fig.  17. 


o  =  Tench.  /=  Proteus.        fc  =  Pigeon.  p  =  Ox. 

6  =  Salmon.  ff  =  Toad.  I  =  Ostrich.  g  =  Camel, 

c  =  Dog-fish.  h  =  Snake.  m  =  Owl.  r  =  Elephant, 

d  =  AmmcecetcB.  i  =  Slow-worm,  n  =  Musk-deer,  a  =  Horse. 

«  =  Amphiuma.  J  =  Lizard.  o  =  Deer.  t  -  Dog. 


u  =  Ateles  ater.  )  Quadru- 
V  =  Chimpanzee,  f  maua. 

-  =  }Man. 

y=      „  seen  on  edge. ' 
(After  GvUiver.) 
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The  relative  size  of  tlie  coloured  corpuscles  being  important  from  a  medico- legal 
point  of  view,  the  following  measurements  in  fractions  of  an  inch  are  given  by  Gulliver 
(Op.  37,  xli.  p.  474). 

Diameter. 


Man  . 
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Cat  . 
Dog  . 
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Pig  . 
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Coloured  Blood-Corpuscles  of  the  Newt. — The  coloured  blood- 
corpuscle  of  the  newt  is  a  convenient  example  of  the  nucleated  red 


Fig.  IS.  Coloured  lilood-coi-puscles  of  uewt.  a,  Corpuscle  on  its  broad 
side ;  b,  ou  edge ;  c,  altered  by  exposure ;  cl,  coi-puscle  with  vacuolated 
nucleus  and  no  pigment,    x  450. 


corpuscle.  It  is  oval  (Fig.  18,  a),  and  when  viewed  in  profile  flattened 
and  biconvex  (b).  It  is  transparent  and  pale  yellow.  Immediately 
after  withdrawal  from  the  circulation  it  appears  to  be  homogeneous,  but 
ere  long  a  nucleus  becomes  evident  as  a  light  spot  in  the  centre  (c). 
In  perfectly  fresh  blood  one  may  sometimes  find  a  corpuscle  of  the  same 
size  and  shape  as  the  normal  coloured  corpuscle,  but  devoid  of  colour, 
and  with  a  very  evident  vacuolated  nucleus  (d).  In  others  vacuoles 
may  be  sometimes  seen  in  the  perinuclear  substance.  Such  aj)pearances 
probably  indicate  regressive  metamorphosis. 
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Coloured  Blood-Corpuscles  of  Man. — The  human  coloured  cor- 
puscle is  a  convenient  example  of  the  non-nucleated  red  corpuscle. 
Viewed  edgewise,  it  is  flattened  and  biconcave  (Fig.  16,  h).  When 
lying  on  its  broad  surface  it  has  a  circular  shape  (a),  and,  being  bicon- 
cave, it  has  a  shadowed  centre  surrounded  by  a  light  ring,  or  the 
reverse,  according  as  the  concave  centre  or  the  convex  margin  is  brought 
into  focus.  It  has  a  smooth  surface,  is  transparent,  and  of  a  jiale  yellow 
colour.  When  withdrawn  from  the  circulation  the  corpuscles  usually 
run  together  into  piles  (rouleaux)  (c). 

The  Effects  of  Eeagents  on  Coloured  Blood-Corpuscles  of 
Newt  and  Man  are  important  because  of  the  indications  they  give  of  the 
structure  and  chemical  composition  of  the  corpuscles.  Their  effects  will 
be  better  understood  if  it  be  previously  stated  that  the  coloured  coq^uscle 
has  a  thin,  clear,  soft,  extensible,  but  perfectly  elastic  envelope,  as  indi- 
cated by  Schwann,  though  many  have  erroneously  disputed  his  statement. 
The  pigment  lies  outside  the  nucleus,  in  the  nucleated  corpuscles, — and  it 
is  very  generally  believed  that  it  fills  the  meshwork  of  a  colourless,  soft, 
elastic,  thread-like  (Hensen,  Oj).  38,  vol.  i.  409),  or  sponge-like  (Briicke, 
RoUett,  O]).  38,  i.  410)  stroma,  that  stretches  from  the  envelope  through- 
out the  interior  of  the  corpuscle.  The  existence  of  the  stroma  can 
scarcely  be  held  as  definitely  proved,  but  it  seems  necessary  to  explain  the 
persistent  maintenance  of  a  definite  shape  by  the  non-nucleated  corpuscle. 

Magenta  solution  reddens  the  nucleus  of  the  newt's  corpuscle,  and  also 
reddens  one — rarely  two  minute  swellings  in  the  wall  of  the  corpuscle. 
In  the  human  corpuscle  the  latter  is  the  only  part  that  is  stained  (Fig.  22, 
/).  The  significance  of  this  coloured  macula  in  the  envelope,  discovered 
by  Roberts  {Op.  4,  vol.  xii.  481),  is  altogether  obscure.  The  fact  that  it. 
occurs  in  the  nucleated,  as  well  as  in  the  non-nucleated  corpuscle,  prevents 
the  supposition  that  in  the  latter  it  is  to  be  regarded  as  a  shrivelled  nucleus. 

Water. — When  water  is  added  to  the  newt's  corpuscles,  they  lose, 
their-  flattened  shape,  and  become  ovoid  and  sometimes  spherical.  This 

seems  to  be  due  to  softening  of 
the  stroma  and  envelope,  and  to 
imbibition.  The  pigment  may 
gather  around  the  nucleus,  but 
usually  it  diffuses  into  the  sur- 
rounding fluid,  leaving  the  cor- 
puscle colourless.  The  nucleus 
may  also  swell  up  :  sometimes  it 

Fig.  19.  Red  blomi  -  corpusoles  of  newt  alteied  by  remains  withiu  the  COrpUScle  (Fig. 
water,   n,  Coi-piisele  with  retained,  b,  with  discharged,  qj.  moveS  tO  the  side,  and 

^  becomes  partially  or  completely 

discharged.  In  the  latter  case  no  rent  remains  in  the  envelope,  probably 
because  it  is  a  colloid  membrane,  somewhat  like  that  of  a  soap-bubble.  Event- 
ually the  envelope  may  dissolve  and  disappear.  When  the  human  corpuscle 
is  acted  on  by  water  it  becomes  spherical.  The  shadowed  spot  is  therefore 
lost.    The  colour  vanishes,  and  the  corpuscle  may  eventually  disappear. 

Dilute  Alcohol  (rectified  spirit  one  part,  water  two  parts,  Ranvier)  causes 
the  newt's  corpuscle  to  swell  and  lose  colour.    The  nucleus  also  becomes 
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Fig.  20.  Blood-corpuscles  of  uewt  after  the 
action  of  dilute  acetic  acid,  a,  Coloured,  b, 
colourless  corpuscle.  A  single  nucleus  seen 
in  tlie  former,  four  in  the  latter.    X  450. 


enlarged,  and  a  nucleolus  is  revealed.  After  tliis  re-agent  the  envelope  of 
the  corpuscle — defined  by  a  double  contour — may  be  clearly  seen  with  a 
high  magnifying  power,  and  it  becomes  specially  evident  after  the  addition 
of  magenta.  The  human  corpuscle  when  thus  treated  becomes  spherical, 
colourless,  and  its  envelope  may  then  be  clearly  seen,  especially  if  magenta 
be  added  (Ranvier,  Ojo.  39,  p.  187). 

Dilute  acetic  acid  causes  the  newt's  corpuscle  to  suddenly  distend,  but  its 
oval  form  is  mostly  retained.  The  pig- 
ment diffuses  into  the  surrounding  fluid, 
or,  as  Henle  long  ago  observed,  it  may 
penetrate  the  nucleus  and  stain  it  yellow. 
Probably  the  acid  softens  the  stroma 
and  the  envelope,  and  the  sudden  en- 
largement occurs  when  the  endosmotic 
current  is  thus  enabled  to  overcome  the 
resistance  to  distension.  If  the  cor- 
puscles have  been  for  some  time  re- 
moved from  the  body  previous  to  the 
addition  of  the  acid,  the  perinuclear 
portion  may  be  seen  to  shiver  into  irre- 
gular masses,  as  if  some  coagulated 
substance  had  been  ruptured  (Fig. 
20,  a).  When  acetic  acid  is  added  to  the 
human  corpuscle  it  becomes  spherical, 
and  its  pigment  diffuses  into  the  surrounding  fluid.    No  nucleus  appears. 

Tannic  acid  (Roberts,  Op.  4,  year  1863)  in  dilute  aqueous  solution  (J 
per  cent)  if  added  to  the  newts  corpuscles  hefm'e  their  substance  becomes  set, 

by  what  appears  to  be  a  process 
of  internal  coagulation,  produces 
a  remarkable  series  of  changes. 
Imbibition  takes  place,  and  soon 
thereafter  the  haemoglobin  may  be 
seen  to  withdraw  itself  from  the 
interior  of  the  envelope.  It  may 
gather  as  a  stellate  mass  around 
the  nucleus  (Fig.  21,  c),  but  usually 
it  becomes  partially  or  completely 
extravasated  in  the  form  of  a  bud 
(ft,  b),  mostly  single,  but  sometimes 
there  are  two,  rarely  three.  The 
envelope  of  the  corpuscle  is  rup- 
tured, and  its  margin  may  some- 
times be  clearly  seen  constricting 
the  bud  (ft).  In  some  cases,  how- 
ever, no  bud  is  formed,  but  the 
pigment  particles  spring  out  of  the 
corpuscle  in  a  diffuse  fashion  (d,  e).  In  this  case  it  is  very  evident  that  the 
extravasated  substance  at  once  coagulates  and  is  precipitated,  doubtless 
by  the  tannin,  the  moment  it  reaches  the  exterior  of  the  corpuscle. 


Fig.  21.  Newt's  onloui'ed  blood -corpuscles  altered 
liy  tannic  acid,  a,  b,  Hjemoglobin  extravasated  in  the 
form  of  a  bud  surrounded  by  a  faint  envelope  in  a. 
In  d  and  e  the  surrounded  pigment  is  extravasated  in 
a  diffuse  fom.  In  c  it  is  gathered  round  the  nucleus. 
X  400.  (Reduced.) 
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Previous  to  the  pigment  extravasation,  the  nucleus  often  swells  (d),  but 
in  other  cases  it  undergoes  no  change  in  size. 

This  singular  reaction  may  also  be  vrell  seen  in  the  human  coi-puscles 
(Fig.  22,  d),  where  it  often  happens  that  each  bud  is  enclosed  in  a  delicate 
vesicular  envelope  that  rapidly  enlarges  and  may  finally  rupture  from 
endosmosis.  This  hood  to  the  bud  is  sometimes  also  seen  in  the  newt's 
corpuscle  (Fig.  21,  a).  A  somewhat  similar  reaction  is  produced  by  a 
two  per  cent  solution  of  boracic  acid  (Briicke,       40,  vol.  Ixvi.  p.  79). 

When  mageuta  solution  is  added  to  tlie  newt's  corpuscles,  after  these  buds  have 
appeared  under  the  iuHuence  of  tannin,  the  buds  become  brilliantly  stained.  The  same 
thing  happens  to  the  buds  of  the  non-nucleated  human  corpuscle,  and  the  change  is  very 
singular  ;  for  previous  to  the  addition  of  tannin,  the  perinuclear  substance  of  the  newt's 
corpuscles  is  not  stained  by  magenta.  Dr.  Hoberts  iOj).  cit.)  suggests  that  possibly  the 
red  blood-corpuscle  has  a  double  enveloj)e,  and  that  its  contents  may  ru])tuve  only  the 
inner  one,  while  the  outer  of  tlie  two  swells  up  and  forms  the  hood  over  the  bud.  That 
a  membrane  is  ruptured  cannot  be  doubted,  but  whether  the  hood  of  the  bud  is  a  part  of 
an  outer  membrane  must  be  regarded  as  extremely  doubtful,  for  it  remains  so  adherent 
to  the  periphery  of  the  bud. 

A  saturated  solution  of  common  salt  or  sugar  causes  the  red  corpuscles  of 

both  newt  and  man  to  become  puckered  from 
exosmose.  Desiccation  has  a  similar  effect.  AVhen 
thus  infiuenced,  the  corpuscles  become  crenated 
(Fig.  22,  c),  or  spinous,  like  ahorse-chestnut  (J). 
Seen  endwise,  the  spinous  projections  have  the 
appearance  of  granules.  In  some  cases,  how- 
ever, crenation  cannot  be  so  easily  explained, 
for  it  is  regularly  produced  in  some  animals, 
Fig.  22.  nunmu  red  blood-cor-  g.jf.  in  the  dog,  in  poisouing  by  Calabar  bean 
in.scies  variouHiy  altered :  a,  by  /pp^ser) :  and  in  this  case  it  seems  difficult,  if 

water;  b,  c,  by  sliort  exposure  to   \        ■  ^^  ^      ,  m      -i.  j.  i  c 

thonir;  rf.  e,  by  t<umic  acid ; /,  by   not  impossible,  tO  aSCHOe  it  tO  a  Change  Ot 

Mingenta.  x  1000.  Specific  gravity,  either  outside  or  inside  the 

corpuscles.    Shocks  of  induced  electricity  may  also  render  them  spinous. 

Mechankal  iwessure  can  greatly  distort  and  even  rupture  the  corpuscles. 
The  fact  that  no  shreds  of  their  envelopes  are  afterwards  discernible  has 
been  adduced  as  an  argument  against  the  existence  of  such  a  membrane. 
But  if,  as  already  stated,  the  membrane  be  of  a  colloid  nature,  this  cir- 
cumstance would  be  explained.  The  completeness  with  which  the  cor- 
puscles recover  their  shape,  when  relieved  from  the  distorting  influence 
of  pressure,  not  too  severe,  seems  only  explicable  by  supposing  not  merely 
that  the  envelope  is  elastic,  but  also  that  there  is  an  elastic  _  strovm 
stretching  from  its  interior  throughout  the  corpuscle.  It  is  particularly 
necessary  to  entertain  this  idea  in  the  case  of  the  non-nucleated  red 
corpuscle,  because  of  the  persistence  with  which  it  recovers  its  shape  after 
distortion. 

These  various  reactions  clearly  show  that  the  mammalian  corpuscle 
behaves  like  the  perinuclear  part,  and  not  like  the  nucleus  of  the  nucleated 
corpuscle. 

Actions  ofoiUr  Eeagents.—ma  and  salts  of  the  bile  acids  (Kuhne),  ether  (AVittich), 
chloroform  (Bbttcher),  and  alkalies  dissolve  the  red  corpuscles  and  liberate  their  pigment. 
Strieker  (Op.  38,  i.  p.  404)  has  shown  that  when  the  newt's  corpuscles  have  been  slightly 
affected  by  water,  a  stream  of  COj  occasions  a  precipitate  within  them  winch  disappears 
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on  exposure  to  a  stream  of  oxygen.  He  agrees  with  ScliniiJt  in  supposing  tliat  the 
l)recipitahle  substance  is  pai'aglobulin  (p.  36).  Electrical  discharges  from  a  Leyden 
jar,  or  induction  shocks,  render  the  human  corpuscles  successively  crenate,  spinous, 
globular,  and  colourless.  These  effects  are  as  yet  unexplained.  Electrolysis  might  be 
assigned  as  their  cause  ;  but  the  constant  current,  though  much  more  electrolytic,  does 
not  produce  the  same  effects  (Kollett,  Op.  38,  vol.  i.  390). 

FoRJiATiON  OP  EouLEAUX. — In  a  normal  state  of  the  blood,  the  red 
corpuscles  exhibit  no  tendency  to  run  into  groups  within  the  blood-vessels, 
but  when  the  blood  is  shed,  the  red  corpuscles,  after  the  lapse  of  ten 
seconds  or  so,  run  together,  and  if  they  be  the  circular  concave  discs  of 
mammalian  blood,  their  clusters  resemble  piles  of  coin  {rouleaux)  (Fig.  15). 
The  mutual  cohesion  of  the  corpuscles  is  not  great,  for  they  may  be  de- 
tached by  even  slight  mechanical  force.  The  following  experiments 
devised  by  Norris  {Op.  4,  year  1869,  p.  429)  can  be  readily  performed, 
and  throw  light  on  the  question,  why  it  is,  that  under  one  condition 
the  corpuscles  do  not,  while  under  another  they  do,  run  together. 

(1.)  Thin  discs  of  coi-k  are  so  poised  with  shotted  pins,  that  when  placed  in  water  they 
float  in  a  vertical  position,  and  are  only  partially  submerged.  When  a  number  of  these 
are  thrown  into  water,  they — if  the  distances  between  them  be  not  too  gi-eat — qnickly 
form  rouleaux  exactly  like  the  blood-corpuscles.  Their  running  together  is  due  to  cajiil- 
larity — the  result  of  their  jiartial  submersion,  and  their  running  into  rouleaux  results 
from  their  shape  j  for  if  spherical  corks  be  employed,  they  form  irregular  clusters.  (2. ) 
When  the  corks  are  so  weighted  that  they  are  totally  submerged,  they  no  longer  run  to- 
gether ;  for  capillarity  is  no  longer  in  action,  and  gravity,  operating  between  masses  so  small, 
is  too  feeble  to  produce  any  notable  result.  This  second  case  is  similar  to  the  blood- 
coi-puscles  in  their  normal  state  within  the  blood-vesels.  (3. )  But  if  the  cork  discs  wetted 
with  water  be  submerged  in  i^ctroleimi  (or  conversely)  tliey  form  rouleaux  ;  apparently  be- 
cause there  is  cohesive  attraction  between  the  molecules  of  water  on  the  neighbouring  discs, 
and  repulsion  between  the  water  and  the  petroleum.  The  fomation  of  rouleaux  by  the 
red  corpuscles  of  shed  blood  may  be  due  to  a  change  in  the  corpuscles,  or  in  the  plasma, 
whereby  their  physical  relations  become  analogous  to  those  between  the  wetted  corks  in 
petroleum. 

It  is  certain  that  some  important  change  occui's  in  the  coloured  corpuscles  within  a  few 
seconds  after  their  removal  ft'om  the  blood-vessels.  They  seem  to  coagulate  (p.  59). 
Their  elasticity  after  a  time  diminishes,  and  they  become  somewhat  viscous.  It  may 
therefore  be,  that  owing  to  some  change  in  the  surfaces  of  the  corpuscles  they  cease  to 
attract,  or  it  may  be  they  even  tend  to  repel  the  suiTounding  fluid — while  they  attract 
one  another.  It  may  be,  however,  that  the  phenomenon  results  from  some  change  in  the 
liquor  sanguinis. 

Kouleaux  are  not  formed  by  red  corpuscles  that  are  nucleated,  for  although  they  run 
together  under  the  conditions  detailed  above,  their  shape  allows  of  adhesion  in  irregular 
clusters  only. 

Chemistry  of  the  Eed  Blood-Corpuscles. — The  red  blood-cor- 
puscles contain  water,  solids,  and  gases.  There  is  rather  more  water  than 
solids.  The  solids — almost  entirely  organic — are  chiefly  haemoglobin  and 
paraglobulin.  Lecithin  and  cholesterin  also  occur  in  small  amount. 
Haemoglobin  is  an  albuminoid  matter  (p.  37)  that  forms  a  loose  compound 
with  oxygen  in  the  lungs,  which  it  yields  up  at  the  systemic  capillaries,  and 
thus  acts  as  the  chief  carrier  of  oxygen  from  the  lungs  to  the  tissues.  In 
virtue  of  this  property  of  hsemoglobin,  the  coloured  blood-corpuscles  are 
agents  essential  for  the  maintenance  of  the  respiration  of  the  tissues. 
The  stroma  of  the  coqjuscles  is  believed  to  consist  of  proteid  matters  of 
which  but  little  is  known.  They  belong  to  the  globulin  group.  Para- 
globulin, a  substance  that  can  be  precipitated  by  carbonic  acid,  and 
redissolved  by  oxygen,  is  one  of  them.  The  salts  of  the  corpuscles  are 
principally  potassium  chloride  and  potassium  phosphate.    The  salts  of 
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the  red  corpuscles  and  of  muscle  notably  differ  from  those  of  other  tissues 
in  the  fact  that  sodium  salts  are  almost  entirely  replaced  by  tliose  of 
potassium.  The  principal  gas  of  the  corpuscles  is  oxygen,  but  they  also 
contain  a  trace  of  carbonic  acid. 

The  quantities  of  the  chief  constituents  are  as  follows : — Water,  56  '5  per  cent.  Solids, 
43 '5.  100  parts  of  the  dried  organic  matter  of  the  corpuscles  of  dog's  blood  (Jiidell,  Op. 
21,  Heft  iii.  386)  contain  hajmoglobin,  86-5.  Other  albuminoid  matters,  12-55 
Lecithin,  0'59.    Cholesterin,  0-36. 

Development  of  Blood-Corpuscles. — In  the  embryo  the  blood- 
corpuscles  are  developed  exclusively  in  the  middle  layer  of  the  germinal 
membrane. 

In  the  chicle,  according  to  Klein  {Ojx  40,  year  1871),  the  blood-cor- 
puscles are  developed  from  the  nucleated  protoplasts  of  the  mesoblast  in 
two  ways — (I)  The  nuclei  of  certain  protoplasts  multiply,  and  the  poly- 
nucleated  mass  differentiates  into 
a  central  mass  of  nucleated  pro- 
toplasts— young  blood -corpus- 
cles (d  in  large  central  mother- 
cell  of  Fig.  23)  ;  while  the 
outer  part  becomes  an  envelope 
— the  wall  of  a  future  capillary 
— consisting  of  a  nucleated  layer 
of  protoplasm  (h  in  same  cell). 
The  protoplasmic  wall  of  the 
capillary  grows  outwards  at 
various  points  {B^,  and  joins 
processes  (/)  from  neighbouring 
cells.  The  processes,  at  first 
solid,  become  hollow,  the  blood- 
plasma  appears  between  the 
blood-corpuscles,  and  thus  a  system  of  capillaries  and  vascular  contents  arise. 
(2)  Another  and  perhaps  more  frequent  mode  of  formation  consists  in  an 
early  vacuolation  of  the  polynucleated  protoplasmic  mass  (B).  The  vacuole 
(a)  is  the  interior  of  a  future  vessel,  and  is  filled  with  blood-plasma.  The 
nuclei  in  the  vascular  wall  proliferate,  and  with  some  of  the  i)rotoplasm 
grow  as  buds  towards  the  interior  of  the  vessel,  drop  off,  and  become 
blood-corpuscles  (d).  Wlaile  this  is  going  on,  the  protoplasmic  wall  of  the 
mother-cell  buds  outwards,  branches,  joins  with  the  processes  of  its  neigh- 
bours, and  forms  a  system  of  capillaries  in  the  way  already  described,  its 
polynucleated  protoplasm  becoming  a  series  of  epithelial  plates,  that  con- 
stitute the  wall  of  the  capillaries. 

Klein  asserts  that  the  blood-pigment  appears  in  the  protoplasm  around 
the  nuclei  of  the  coloured  corpuscles  ;  but  Balfour  (Op.  8,  xiii.  p.  280) 
maintains  that  the  perinuclear  pigmented  parts  of  the  blood-corpuscle  are 
formed  from  the  nuclei  of  the  parent  cell,  while  the  nucleoli  of  the  latter 
become  the  nuclei  of  the  blood-corpuscles. 

Blood-vessels  and  also  blood-corpuscles  may  originate  in  a  manner 
similar  to  the  above  in  inflamed  tissues  (Strieker,  0]}.  38,  iii.  p.  542). 
After  the  development  of  blood-corpuscles  and  blood-vessels  the  former 


Fig.  23.  Devolopmont  of  blood-vessels  (I)  and  blood 
uorpusclos  (t?)  in  mesoblast  of  chick.   See  text.  (Klein.) 


PHYSIOLOGY  OF  THE  TISSUES. 


63 


Fig.  23a.  Coloured  blood  cor- 
piisRles  of  embiyo  sheep  3.}  lines 
long.  0..  coi-i)useles  dividing  ; 
6,  corpuaoles  showing  division 
of  nucleolus,  and  incipient  divi- 
sion of  nucleus  ;  c,  a  small  cor- 
puscle. (KoUilcer.) 


multiply  during  a  considerable  period  of  early  embryonic  life  by  fi.ssipa- 
rous  division,  as  Remak  first  pointed  out. 

Ill  mammals  the  blood-corpuscles  probably  arise  in  a  manner  analogous 
to  that  observed  in  the  chick.  Precise  information,  however,  is  wanting. 
But,  at  all  events,  the  primitive  red  blood-corpuscles  are  nucleated  in  all 
mammals  as  they  are  in  other  vertebrates.  All  the  corpuscles  are  at  first 
colourless,  nucleated,  granular  protoplasts,  but 
ere  long  many  of  them  lose  their  granules  and 
become  coloured  by  jjigment  that  appears  in 
the  perinuculear  portion  (KoUiker).  Balfour 
(Jib.  cit.)  is,  however,  inclined  to  suppose  that 
the  nucleus  of  the  mammalian  corpuscle  is  an 
enlarged  nucleolus,  while  the  nucleus  becomes  pig- 
mented and  forms  the  outer  part  of  the  corpuscle, 
as  Wharton  Jones,  Busk  and  Huxley  long  ago 
maintained  (compare  p.  60).  The  nucleated  red 
corpuscles  are  spherical,  relatively  large,  and  mul- 
tiply by  fission  (Fig.  23a)  occurring  throughout 
the  entire  mass  of  the  blood  until  that  period  of 
development  at  which  the  liver  appears,  when  the 
formation  of  the  coloured  corpuscles  by  fission 
comes  to  an  end.  Up  to  this  point  the  coloured 
corpuscles  are  therefore  produced  in  two  ways — 
(1)  from  white  blood-corpuscles,  (2)  by  fissiparous 
division  of  themselves. 

Great  obscurity  hangs  over  the  development  of  the  coloured  corpuscles 
after  the  appearance  of  the  liver  and  blood-glands.  All  are  agreed  that 
the  young  colourless  blood-corpuscles  (lymph-corpuscles)  are  developed 
throughout  life  in  the  spleen,  lymphatic,  and  other  blood-glands ;  and 
probably  no  one  doubts  that  throughout  life,  as  in  the  early  embryo,  the 
coloured  corpuscles  are  derived  from  the  colourless  ones.  It  is  supposed 
that  the  transition  of  the  one  into  the  other  takes  place  in  the  spleen,  in 
the  lymphatic  glands  or  lymph,  and  in  the  embryonic  liver  ;  but  although 
Paget,  Kolliker,  and  otliers  maintain  that  the  white  corpuscle  becomes 
flattened,  loses  its  nuclei,  and  acquires  colour,  while  Wharton  Jones, 
Busk,  Huxley,  Gulliver,  and  Balfour  assert  that  the  nucleus  is  the  portion 
which  becomes  pigmented  and  forms  the  red  corpuscle,  it  must  be 
admitted  that  the  whole  question  is  still  obscure,  and  it  may  be  doubted 
if  the  transition  has  ever  been  fairly  observed  in  mammals  at  a  period 
later  than  early  embryonic  life.  Kolliker  {Op.  45,  p.  534)  suggests  that 
the  difficulty  in  the  case  may  possibly  be  owing  to  the  transition  taking 
place  rapidly.  Further  details  regarding  the  development  of  blood-cor- 
puscles must  be  postponed  until  the  subject  of  blood-forming  glands  is 
under  consideration ;  but  before  leaving  the  subject  it  may  be  well  to 
return  to  the  cellular  morphology  of  the  blood-corpuscles,  and  now,  since 
their  development  has  been  described,  to  repeat  that  while  the  white  cor- 
puscle is  a  nucleated  protoplast,  the  red  corpuscle  of  the  fish,  amphibian, 
and  bird,  is  a  nucleated  periplast.  The  mammalian  corpuscle,  whether 
developed  from  the  perinuclear  protoplasm  or  the  nucleus,  is  a  periplast 
devoid  of  all  the  properties  of  protoplasm  and  of  nuclei. 
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Number  of  Corpuscles. — In  relative  numlier  the  red  are  much  more 
numerous  than  the  white  corpuscles.  In  the  blood  generally,  the  colour- 
less are  in  the  proportion  of  1  to  500  of  the  coloured  (Malassez,  Op.  13, 
year  1872),  whilst  in  the  blood  of  the  splenic  vein  the  proportion  is 
stated  by  Hirt  to  be  1  to  70.  In  ordinary  conditions  only  three  or  four 
colourless  corpuscles  are  to  be  detected  in  the  field  of  the  microscope,  but 
in  certain  pathological  states,  such  as  leucocytlimmia — dependent  on  enlarge- 
ment of  the  spleen  or  lymphatic  glands — the  colourless  corpuscles  are 
greatly  increased  in  number. 

The  absolute  number  of  the  coloured  corpuscles  has  been  estimated  by 
Welcker,  and  more  recently  by  Malassez  {Op.  11,  year  1877,  p.  634). 
A  cubic  millimeter  of  blood  contains  5,000,000  coloured  corpuscles.  In 
certain  diseases  the  corpuscles  undergo  a  marked  variation  in  number ; 
thus  in  antemia,  the  number  may  fall  to  800,000  per  cubic  millimeter. 
Malassez  has  shown  that  the  administration  of  iron  has  a  marked  effect 
on  the  number ;  within  a  few  days  after  the  administration  of  the  iron 
there  is  usually  a  great  increase  in  the  number  of  the  coloured  corpuscles.' 

Functions  of  the  Corpuscles. — The  red  blood  corpuscles  are 
chiefly  concerned  in  carrying  oxygen  from  the  lungs  to  the  tissues.  The 
oxygen  is  loosely  combined  with  their  colouring  matter — the  haemo- 
globin. The  relations  of  this  substance  will,  however,  be  studied  after- 
wards. The  fact  that  all  the  red  corpuscles  are  not  affected  to  the  same 
degree  by  some  re-agents — e.g.  by  water,  tannin,  etc. — shows  that  they 
in  some  respects  differ  from  one  another  in  physical,  and  perhaps  in 
chemical,  composition.  Probably  the  difference  is  due  to  age,  for  it  cannot 
be  doubted  that  the  red  are  produced  from,  white  corpuscles  in  the  spleen 
and  elsewhei'e,  and  that,  after  existing  for  a  time  in  the  blood,  they  break 
up  and  disappear  in  the  pulp  of  the  spleen,  and  possibly  in  other  parts. 
This  subject  Avill  be  elsewhere  discussed  in  detail,  but  it  may  be  added 
here  that  very  possibly  some  of  the  substances  resulting  from  their  dis- 
integration are  used  as  nutritive  elements  throughout  the  economy.  This 
point,  however,  is  still  very  obscure.  The  lohite  produce  the  coloured 
corpuscles.  In  the  embryo,  and  in  certain  pathological  conditions,  they 
can  emigrate  from  the  vessels  and  take  part  in  the  formation  of  various 
tissues.- 

The  Granular  Elements  of  the  Blood. 

The  so-called  granules  of  the  blood  are  {a)  minute  particles  of  proto- 
plasm (Fig.  16),  first  detected  by  Beale.  Their  origin  is  obscure,  but 
some  of  them,  at  all  events,  are  probably  fragments  of  protoplasm  detached 
from  the  white  corpuscles,  {b.)  Fatty  particles  are  always  detectable  in 
the  blood  during  digestion.  In  sucking  infants  they  are  always  present 
in  such  numbers  that  the  serum  is  milky. 

LYMPH  corpuscles. 

As  already  stated,  these  are  young  white  blood-corpuscles,  and  they 
will  be  specially  alluded  to  under  Blood-Glands  and  Lymphatics. 

1  A  desoription  of  Malassez's  method  of  enumerating  the  blood-corpuscles  is  given  in 
the  author's  Practical  Histology,  2(1  edition,  p.  62. 
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CHAP  TEE  VII. 
EPITHELIUM. 

Epithelium  consists  of  cellular  units  of  great  imj)ortance  in  the  economy. 
It  constitutes  a  protective  covering  for  the  skin  and  mucous  membranes.  In 
synovial  and  serous  membranes  it  forms  a  smooth  polished  surface,  whereby 
the  friction  of  solids  and  fluids  is  reduced  to  a  minimum.  It  is  the 
secreting  element  of  all  the  glands  of  the  body,  save  blood-glands ;  and 
in  the  nose,  mouth,  and  ear  it  is  modified  into  special  terminal  organs  for 
the  nerves  of  sense.  A  tissue  foi-med  of  elements  that  are  comparatively 
simple  and  often  similar,  but  vrith  functions  so  varied,  constitutes  a  singu- 
lai'ly  interesting  subject  for  physiological  study. 

Mttcous  membranes  line  the  alimentary  and  respiratory  canals,  genito-iirinary  passages, 
lachrymal  apparatus,  middle  ear,  and  Eustacliian  tube.  These  cavities  .all  directly  or 
indirectly  open  externally,  and  their  lining  membrane  secretes  a  viscid  fluid  termed 
mucus. 

Synovial  membranes  ai'e  found  in  joints,  bursce-mucosse,  and  around  some  tendons, 
and  are  lubricated  by  a  viscid  fluid  termed  synovia. 

Tlie  principal  serous  membranes  are  the  peritoneum,  pericardium,  pleura,  and  the 
arachnoid.  _  They  contain  some  serous  fluid  that  permits  of  aij/easy  movement  of  their 
apposed  surfaces — a  matter  of  much  importance  in  the  thorax^ and  abdomen. 

Epithelium  is  developed  from  cells  in  all  three  layers  of  the  blastoderm. 
The  epithelium  of  the  skin,  mouth,  nose,  and  pharynx,  cavities  of  the 
brain  and  spinal  cord,  is  derived  from  the  epihlast ;  that  of  the  alimentary 
canal  and  its  glands  below  the  pharynx,  the  lungs,  and  the  urinary  bladder, 
is  derived  from  the  hypoblast ;  while  the  mesoblast  gives  rise  to  the  epithe- 
lium of  blood-vessels,  lymph-vessels,  serous  and  synovial  membranes,  kid- 
neys, ureters,  testes  and  their  ducts,  ovaries.  Fallopian  tubes,  and  uterus. 

Epithelial  Cells  vary  in  size  from  25  to  83  /x  (toVo  to  ^hx  inch). 
They  are  mostly  colourless,  but  in  certain  regions,  such  as  tiie  deeper  layers 
of  the  epidermis,  that  is,  the  epithelium  covering  the  skin,  they  contain 
pigment.  Their  shapes  are  mostly  polygonal,  rarely  spheroidal,  because  the 
cells  as  they  grow  press  one  against  another.  The  full-grown  cells  may  be 
scales,  cylinders,  cubes,  or  their  forms  may  be  indefinite.  They  have  usually 
one,  but  sometimes  they  have  two  nuclei.  In  many  situations  the  cells 
appear  to  be  cemented  together  by  a  small  quantity  of  a  colourless  inter- 
stitial substance,  and  they  are  disposed  either  in  one  or  in  several  layers, 
the  former  arrangement  being  termed  simple,  the  latter  stratified  or 
lami7iatecl. 

Epithelial  cells  have  been  classified  according  to  their  shapes,  but  as 
these  are  so  varied,  it  is  impracticable  to  adopt  this  as  the  sole  basis  of 
classification.  It  is,  therefore,  advantageous  to  have  regard  to  their  func- 
tion as  well  as  to  their  foi'm,  and  on  this  ground  five  chief  varieties  may 
be  recognised — 1.  Squamous ;  2.  Columnar ;  3.  Transitional ;  4.  Ciliated; 
5.  Glandular.  Although  it  must  be  admitted  that  these  divisions  are 
somewhat  arbitrary,  they  are  nevertheless  convenient. 
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Fig.  24.  a,  Squamous  epithelial 
cells  fi'om  interior  of  mouth  ;  b,  sali- 
vary corpuscle,    x  300. 


SQUAMOUS  EPITHELIUM. 

^  The  fully-formed  cells  of  squamous  (scaly,  pavement  or  tesselated) 
epithelium  are  thin  more  or  less  polygonal  plates  (Fig.  24,  a).  Their 

shapes  are  usually  irregular,  but  on  the  outer 
aspect  of  the  retina  they  are  hexagonal. 

Stratified  Squamous  Epithelium  covers 
the  skin,  aliment- 
ary canal  above  the 
stomach,  the  ante- 
rior surface  of  cor- 
nea,the  conjunctiva, 
the  vagina,  and  the 
lower  half  of  thecer- 
vi.K  uteri.  The  life- 
history  of  the  cells 
may  be  traced  in 
a  thin  vertical  section  of  the  human  epidermis, 
after  hardening  in  dilute  chromic  acid  (Fig.  25). 
The  cuticle  consists  of  two  principal  layers  of 
cells — the  horn'!/  layer  (A)  placed  externallj'', 
and  beneath  this  a  soft  layer,  the  refe  miicosum 
(B).  Tiie  cells  proliferate  in  the  deeper  layers 
of  tlie  rele  mucosura  («).  Evidence  of  this 
proliferation  is  to  be  found  in  the  fact  that 
tlie  nuclei  usually  contain  two  or  more  nucleoli, 
and  may  themselves  be  found  constricted  and 
evidently  about  to  undergo  division  («').  The 
division  of  the  general  cell-substance,  however, 
is  much  more  difficult  to  detect,  for  a  reason 
afterwards  to  be  explained,  while  the  cells  are 
being  pushed  outwards  by  the  multiplication 
of  those  below  as  they  grow  larger.  The  j^ro- 
toplasm  becomes  converted  into  a  dense  horny 
periplast  (b).  The  nucleus  may  remain  or 
may  disappear.  The  superficial  horny  scales 
are  gradually  detached  by  friction  ;  hence  the 
necessity  for  the  production  of  new  cells  in  the 
deeper  layers  to  replace  them.  Stratified 
squamous  epithelium  is  found  on  all  surfaces 
that  are  much  exposed  to  friction. 

Spinous  or  Prickle  Cells. — In  the  lower  layers 
of  stratified  squamous  epithelium  the  cells  have 
a  denticulate  appearance  (Fig.  25, a,  and  Fig.  26). 
The  apparent  spines  of  neighbouring  cells  are  not  interlocked,  as  Max 
Schultze  maintained,  but  are  continuous  at  their  apices  as  Martyn  {Op.  9, 
xvi.  p.  59)  pointed  out.  This  may  be  seen  in  a  vertical  section  of  e^i- 
dermis,  after  hardening  in  osmic  acid  by  the  method  described  by  Ranvier 
Op.  39,  p.  261).    The  acid  darkens  the  cell-substance  and  thus  reveals  the 


Fig.  25.  Vertical  section  of  cuticle 
of  finger.  A,  Horny  layer ;  B,  Rete 
mucosuin.  a,  Youngest  cells  ;  a',  a 
nucleus  dividing ;  6,  uppermost  cells 
of  rate  mucosura ;  d,  old  scales  of 
horny  layer,  x  300.  (From  a  pre- 
paration hardened  in  chromic  acid 
and  stained  with  pierocamiine.) 
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contour  of  the  cell  marked  by  a  line  of  rounded  spaces  (Fig.  26),  between 
which  the  so-called  "  prickles "  stretch  as  bridges  between  the  cells. 
The  prickles  seen  on  detached  cells  apparently 
result  from  the  rupture  of  these  bridges  by  me- 
chanical methods  employed  for  isolating  the  cells. 

The  spaces  between  the  bridges  are  probably 
cliannels  through  which  the  lymph  permeates  from 
the  subjacent  capillaries  to  nourish  the  growing 
cells  of  the  rete  mucosum.  There  is,  however,  no 
escape  of  lymph  through  the  epidermis,  owing  pro- 
bably to  the  cells  of  the  upper  layers-  being  horny 
and  closely  matted  together.  The  division  of  the 
cells  in  the  lower  layers  appears  to  be  indicated  by 
nothina:  more  than  the  formation  of  vacuoles  along 
certain  lines.    Hence  the  difficulty  in  detecting  the 


cells  in  the  act  of  dividing. 


Fig.  26.  So-called  "  prickle  " 
cells  from  lowest  layers  of 
epidermis    of    finger,  after 
EnDO-  staining  with  osmic  acid,  a, 

lines  serous  and  synovial  membranes,  P™cesses  of  cells  dipping  into 

'   fibrous  layer  of  .skin,   x  1000. 


Sbiple  Squamous  Epithelium  or 

THELIUM 

blood  and  lymph  vessels,  air  vesicles,  posterior 
surface  of  cornea,  and  outer  surface  of  retina.  In  the  last  situation  the 
cells  are  hexagonal,  but  elsewhere  they  are  irregular  in  shape.  In  lymph- 
atics their  outlines  are  remarkably  sinuous.  It  is  always  difficult  to  see 
their  outlines  unless  they  are  darkened  by  the  silver  process,  in  which  the 
fresh  epithelial  surface  is  treated  for  two  or  three  minutes  with  a  dilute 


Fig.  2".  Simple  squamous  epithelium  or 
endothelium  of  frog's  mesenteiy.  Silvered. 
X  300. 


Fig.  28.  Endothelial  lining  of  A,  arteiy  ; 
V,  vein  ;  G,  capillary.    Silvered.    X  300. 


solution  of  silver  nitrate.  After  exposure  to  light,  dark  lines  appear 
mapping  out  the  margins  of  the  cells.    These  silver  lines,  as  they  are  termed, 

1  The  term  endoiheliuvi  was  applied  by  His  to  the  epithelium  derived  from  the 
mesoblast,  but  only  confusion  resulted  from  the  use  of  a  term  that  thus  included  the 
simple  squamous  epithelium  of  the  vascular  system,  the  secreting  epithelium  of  the 
kidney  .and  testis,  the  ciliated  epithelium  of  the  uterus,  and  the  irregular  transitional 
epithelium  of  the  ureters.  The  term  is,  however,  a  convenient  one  if  it  be  merely  used 
as  synonymous  with  simple  squamous  e2nlhelium,  and  ajjplied  to  that  irrespective  of  its 
embryonic  origin.    In  this  sense  only  it  will  be  employed  throughout  this  work. 
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are  due  to  a  reduction  of  the  silver  salt  in  what  appears  to  be  an  inter- 
stitial or  cementing  substance.  Prolonged  action  of  the  silver  solution, 
however,  is  followed  by  darkening  of  the  general  cell-substance  as  well 
as  of  the  cement.  We  owe  to  His  and  ]iecklinghausen  this  method 
which  has  already  proved  of  great  value  in  the  study  of  blood-capillaries 
and  the  lymphatic  system. 

Endothelial  plates  are  probably  all  nucleated  at  an  early  period  of 

development,  and  the  nucleus  is  often  per- 
manent, but  it  disappears  from  many  cells  as 
they  grow  old  (Fig.  29,  c).  The  duration  of 
endothelial  scales  and  the  mode  in  which  they 
are  replaced  are  points  of  much  obscurity. 
In  the  air-ve.sicles  small  nucleated  finely- 
granular  cells  (Fig.  29,  b),  apparently  of  a 
germinal  character,  may  be  seen  at  intervals 
amidst  the  large  clear  plates,  and  thougli 
division  of  the  small  cells  may  sometimes 
be  seen  {b),  it  is  doubtful  whether  or  not 
they  expand  and  replace  the  large  ones.  In 
blood-vessels,  however,  these  minute  germinal 
cells  are  wanting,  and  nothing  can  be  seen 
but  a  layer  of  clear  plates  similar  to  the 
larger  scales  in  the  air  vesicles,  but  mostly 
nucleated. 


Fig.  29.   Silvered  ciidotheliuin  of 
vesicles  of  lung  of  cat.    a.  Outline  of 
air-vesielo  ;  c,  old  endothelial  scale  ; 
ft,  nucleated  llnoly-grnnulnr  cells. 
X  300. 


COLUMNAR  EPITHELIUM. 


Columnar  epithelium  lines  the  alimentary  canal  below  the  oesophagus, 
and  the  greater  part  of  the  ducts  opening  into  the  canal,  including 


Fig.  30.  Columnar  epithelium  from  small 
intestine  of  cat.  a,  Striated  border  at  free 
end  of  cell,    ft.  Chalice  cell,    x  600. 


Fig.  31.  Fresh  epi- 
thelium from  cat's  large 
intestine,  after  magenta 
staining.  a.  Ordinary 
columnar  cell  with  border 
split  up  by  artificial 
pressure.  6,  Chalice  cell. 
X  600.  (The  two  cells 
are  in  exact  relative  pro- 
portion.) 


Fig.  32.  Surface 
view  of  free  ends  of 
columnar  epithelium 
from  villas  of  frog's 
intestine,  silvered,  a. 
Opening  of  chalice 
cell,  ft.  Periphery  of 
the  broader  subjacent 
part  of  the  cell. 
X  400. 


the  gall-bladder.  It  is  also  found  in  the  olfactory  region  of  the  nose,  in 
the  urethra,  and  vas  deferens.    It  exists  everywhere  as  a  single  layer, 
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except  in  the  urethra,  where  it  is  stratified.  The  cells  are  set  endwise 
ou  the  membrane  which  they  cover.  They  may  be  of  tolerably  uniform 
calibre,  but  usually  they  taper  towards  their  attached  extremities,  which 
may  be  single  (Fig.  31)  or  branched.  The  cells  are  laterally  compressed, 
so  that  a  superficial  view  of  their  free  ends  resembles  a  mosaic  (Fig.  32). 
The  cells  are  mainly  composed  of  granular  protoplasm,  usually  with  a 
single  nucleus.  In  the  intestine  there  is  a  clear  band  at  the  free  end  of 
the  cell  (Fig.  30,  a).  This  clear  hem  is  traversed  by  fine  vertical  strife. 
Whether  these  are  fine  pores  or  the  outlines  of  minute  rods  it  is  diflficult 
to  determine.  When  the  cells  are  subjected  to  pressure  during  prepara- 
tion, the  striated  border  sometimes  sj^lits  up  and  becomes  serrated  (Fig. 
31,  a).  Magenta  stains  the  general  cell-substance  but  not  the  hem,  which, 
together  with  a  delicate  cell-membrane,  seen  at  all  events  in  the  chalice 
cell  (Fig.  3 1 ),  may  be  regarded  as  the  periplast.  When  fresh  columnar 
epithelial  cells  are  placed  in  water,  clear  blebs  speedily  aj^pear  at  the 
broad  ends  of  the  cells,  consisting  of  mucin  swollen  up  by  endosmose. 
Mucin  is  therefore  produced  in  the  ordinary  columnar  cells. 

Chalice  (goblet  or  cup)  Cells  are  found  on  mucous  membranes 
amidst  columnar  and  ciliated  ejDithelial  cells.  They  are  numerous  in  the 
small,  but  particularly  so  in  the  large  intestine.  They  may  be  easily 
obtained  from  the  fresh  large  intestine  of  the  cat,  by  simj)ly  scraping  the 
epithelial  surface  and  staining  with  magenta,  which  reddens  the  nucleus, 
and  the  small  quantity  of  protoplasm  usually  found  near  the  attached  end 
of  the  cell.  At  the  free  extremity  there  is  an  open  mouth  that  communi- 
cates with  a  large  cavity  in  the  interior.  These  chalice  cells  may  be  about 
the  same  size,  but  usually  they  are  larger  than  the  columnar  cells  (Fig.  31). 

There  has  been  considerable  discussion  regarding  the  precise  nature  of  these  cells,  it 
being  maintained,  on  the  one  hand,  that  they  are  merely  old  cells  undergoing  mucin 
transformation  and  breaking  down  ;  and  on  the  other,  that  they  are  unicellular  glands 
foi-  the  secretion  of  mucin.  The  former  idea  receives  sup- 
\>ovt  from  the  fact  that  when  a  piece  of  intestine  is  macer- 
ated for  some  weeks  in  a  dilute  solution  of  chromic  aciil, 
the  striated  hem  falls  away  from  many  of  the  cells,  the 
])rotoj)lasm  becomes  vacuolated,  and  the  cells  are  not  un- 
like the  normal  chalice  cell.  On  tlie  other  hand,  the  latter 
.is  iisiutlly  larger  than  the  columnar  cell.  It  almost  always 
has  a  nucleus  with  some  jirotoplasm,  and  after  careful  stain- 
ing -mXh.  logwood  a  plug  of  mutjin  may  often  be  seen  pro- 
jecting from  the  mouth  of  the  cell.  It  seems  difficult  to 
explain  these  facts,  especially  the  larger  size,  on  the 
theory  that  they  are  old  cells  breaking  down.  It  is  more 
likely  that  they  are  unicellular  mucin -forming  glands, 
as  F.  E.  Schultze  suggested  (Op.  18,  iii.  p.  137). 


TRANSITIONAL  EPITHELIUM. 

This  term  was  applied  by  Henle  to  the  epi- 
thelium of  the  urinary  bladder,  ureter,  and 
pelvis  of  the  kidney.  The  cells  are  stratified, 
and  of  various  shapes.  They  may  be  squamous, 
columnar,  cubical,  or  altogether  indefinite.  On 
the  whole,  however,  they  are  a  sort  of  transition 
between  the  squamous  and  columnar  form. 


Fig.  33.  Transitional  epithe- 
lium from  urinaiy  bladder.  1,  Cells 
at  free  surface  ;  2,  colls  in  middle  ; 
3,  cells  in  deepest  layers.  (Ober- 
steiuer.) 
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CILIATED  EPITHELIUM. 


Fig.  34.  Ciliuted 


Ciliated  epithelium  lines  the  respiratory  passages, — viz.  the  lower 
part  of  the  nose,  tlie  upper  part  of  the  pharynx,  the  larynx,  trachea,  and 
bronchi.  It  is  also  found  in  the  cavities  of  the  brain  and  spinal  cord,  in 
the  tympanum.  Eustachian  tube.  Fallopian  tube,  and  uterus 
above  the  middle  of  the  cervix.  In  the  respiratory  pass- 
ages, excepting  the  finest  bronchi,  the  cells  are  stratified. 
In  other  situations  there  is  only  a  single  layer.  The  cells 
are  mostly  columnar.  Their  attached  ends  are  more  or 
less  pointed,  and  at  their  free  extremities  there  is  a  brush 
of  fine  cilia  planted  on  a  clear  band.  The  general  body  of 
the  cell  is  composed  of  a  nucleated  finely-granular  proto- 
l^lasm.  In  the  stratified  amxiigement  of  this  epithelium 
only  the  upper  layer  of  cells  is  ciliated.  The  cells  pro- 
liferate in  the  deepest  layers,  gradually  elongate,  reacli  the 
epithelial  cell  from  free  surfacB,  and  become  ciliated.  Regarding  the  develop- 
tiachea.  X  600.  ment  of  the  cilia,  however,  definite  information  is  still 
wanting. 

The  cilia  are  flattened  filaments  tapering  towards  their  free  ends,  and 
about  8  /X  (tjttV^  inch)  in  length  (Fig.  35).  They  consist  of  a  colourless 
and  opikullij  homogeneous  material,  that  appears 
to  be  continuous  witli  the  substance  of  the  clear 
band.  If,  however,  the  cells  be  placed  for  twenty- 
four  hours  or  so  in  one-fifth  per  cent  solution 
of  osmic  acid,  it  may  be  seen  tliat  the  cilia  pass 
through  the  clear  band  and  are  continued  for  a 
very  short  distance  into  the  protoplasm.  The  cilia 
cannot  be  regarded  as  consisting  of  ordinary  pro- 
toplasm, for  they  are  elastic,  they  preserve  a  de- 
finite shape,  and  contract  in  a  definite  way,  and 
further,  they  are  not  stained  by  carmine  or  magenta. 
Yet,  like  protoplasm,  they  chiefly  consist  of  proteid 
material,  like  many  forms  of  jn-otoplasm  they  are 
contractile, — although  in  this  more  highly  organised 
structure  the  contractions  differ  from  those  of  uu- 
difi'erentiated  protoj^lasm, — and  they  are  continuous 
with  the  cell  jirotoplasm.  Their  very  close  alliance 
to  ordinary  protoplasm  may  therefore  be  indicated 
by  describing  them  as  consisting  of  modified 
protoplasm. 

Ciliary  Motion  may  be  readily  studied  in  epithelium  from  trachea  of 
the  gill  of  the  salt-water  mussel,  for  there  the  cilia  cat,  after  treatment  with  osmic 
are  much  larger  than  in  the  vertebrata,  and  the  ■  ^  -  • 
ciliary  motion  continues  for  a  considerable  period  after  a  portion  of  the 
gill  has  been  detached.  The  cilia  must  be  moistened  with  sea  water,  for 
fresh  water  quickly  paralyses  them.  The  living  cilia  have  a  rapid  lashing 
movement  by  which  the  surrounding  fluid  is  thrown  into  a  stream.  When 
their  movement  slackens  in  speed  previous  to  death,  it  may  be  observed — 


Fig.  35.  stratified  ciliated 
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in  the  large  cilia  on  the  mussel's  gill — that  each  cilium  simply  bends 
during  contraction  and  then  straightens  itself,  and  as  they  die,  they  tend 
more  and  more  to  remain  erect.  The  act  of  bending  is  therefore  a  vital 
phenomenon,  and  is  ascribed  to  contractility. 

As  the  cilium  does  not  shorten  like  a  muscular  fibre,  but  merely  bends,  we  are  obliged 
to  conclude  that  one  or  more  bands  of  contractile  substance  run  along  one  side  of  the 
mesial  plane,  and  it  is  probable  that  there  is  an  elastic  band  on  the  other  side,  whereby 
the  cilium  is  brought  back  to  its  erect  position.  This  inference  as  to  structure,  deduced 
from  the  manner  in  which  they  move,  receives  support  from  the  fact  that  the  large  cilia 
of  bivalves  may — by  pressure — be  split  up  longitudinally  into  two,  or  sometimes  indeed 
into  a  bundle  of  fibrils. 

The  fluid  around  the  cilia  is  moved  in  the  direction  in  which  they  bend,  and  the 
definite  dii-ection  of  the  current  may  be  explained  by  supposing  that  their  contraction 
takes  place  with  greater  velocity  than  their  relaxation.  It  has  been  supposed  that  the 
cilium  when  it  relaxes  partially  rotates,  and  so  moves  back  edgewise  through  the  water, 
after  the  fashion  of  a  feathered  oai-.  But  as  no  such  thing  can  be  seen,  the  former 
explanation,  being  in  accordance  with  the  visible  event,  is  preferable. 

A  ciliated  cell  in  the  vertebrata,  and  at  all  events  in  most  of  the 
invertebrata,  is  an  automatic  motor  apparatus  (see  p.  25).  That  it  is  inde- 
pendent of  nerves  is  shown  by  the  fact  that  detachment  of  the  cell  from 
its  surroundings  does  not  affect  the  ciliary  motion.  All  the  cilia  on  the 
same  cell  move  simultaneously  ;  from  which  it  may  be  inferred  that  the 
impulse  to  movement  springs  up,  not  in  the  cilia  individually,  but  in  the 
cell.  The  nucleus  of  the  cell  is  not  essential  for  the  movement,  for  the 
cell  may  be  torn  across  between  the  cilia  and  the  nucleus,  and  yet  their 
movement  continues,  but  if  the  cilia  be  detached  from  the  end  of  the  cell 
they  are  paralysed.  This  may  be  due  to  laceration  of  their  contractile 
bands,  or  to  their  detachment  from  the  cell  protoplasm,  in  which  the 
excitement  probably  originates.  The  movement  travels  in  quick  rhyth- 
mical order  from  one  cell  to  another,  but  the  manner  in  which  the  cells 
are  co-ordinated  so  that  a  physiological  continuity  exists  between  them, 
permitting  of  the  extension  of  excitement  from  cell  to  cell,  is  unknown. 
Ciliary  movement  is  so  rapid  that  its  rate  has  not  been  precisely  ascer- 
tained. In  the  frog, — when  the  cilia  are  in  full  activity  the  rate  is  at 
least  twelve  contractions  per  second  (Engelmann,  Op.  1,  iii.  424).  Gentle 
heat  accelerates  the  movement :  doubtless  by  accelerating  chemical  change. 
The  effect  of  heat  may  be  readily  demonstrated  on  the  mussel's  gill  after 
the  speed  of  the  ciliary  motion  has  slackened  somewhat.  Elevation  of 
the  temperature  to  45°  C.  (113°  F.),  in  cold-blooded  animals  occasions 
rigidity  with  acidification,  as  happens  in  muscle  under  like  circumstances. 
Chlorofmin  vapour  retards  and  then  arrests  ciliary  movement  (Lister,  Op.  3, 
year  1858).  On  exposing  the  cilia  to"  the  air  after  their  arrest  by  chloro- 
form, their  movement  is  resumed,  if  the  chloroform  has  not  acted  too  long. 
This  may  be  explained  by  supposing  that  the  molecules  of  chloroform 
diffuse  into  the  contractile  matter,  and  inhibit  or  restrain  the  chemical 
changes  that  produce  mechanical  movement ;  but  the  moment  the  tension 
of  the  chloroform  outside  the  cilia  is  diminished  by  exposing  them  to  pure  air, 
the  chloroform  molecules  escape  by  diffusion,  leaving  their  material  free 
to  move  as  before.  But  after  the  prolonged  action  of  chloroform  the 
motion  is  not  resumed,  probably  owing  to  some  fatal  chemical  change  in 
the  protoplasmic  machinery.    The  important  bearing  of  this  experiment 
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on  the  effect  of  anaesthetics  on  nerve  cells  is  obvious.  Oxygen  is  con- 
sumed by  contracting  cilia.  Kiihne  pi-oved  this  by  placing  living  ciliated 
epithelium  in  a  solution  of  oxyhemoglobin,  and  finding  that  after  some 
time  the  hajmoglobin  was  reduced,  owing  to  removal  of  its  loosely  com- 
bined oxygen.  Oxygen  is  indispensable  for  the  maintenance  of  the 
movement,  for  although  the  cilia  may  continue  to  contract  for  a  consider- 
able time  in  its  absence,  they  certainly  become  paralysed  unless  it  is 
supplied. 

Carbonic  acid  first  accelerates,  and  then  arrests,  the  movement.  The  acceleration  is 
IDrobably  owing  to  its  exciting  the  cell,  while  the  an-est  is  douVitless  owing  to  a  poisonous 
effect.  A  very  dilute  solution  of  caustic  potash  accelerates  the  motion  when  the  cilia 
are  becoming  sluggish,  and  it  may  even  recall  the  movement  after  it  has  ceased  (Virchow). 
Dilute  acids,  and  dilute  alcohol,  have  also  a  reviving  power.  Observations  on  the 
effects  of  induced  and  of  galvanic  electricity  have  led  to  no  perfectly  clear  results. 

Functions  of  Cilia. — In  the  respiratory  passages  cilia  discharge  the 
important  function  of  moving  mucus  out  of  the  lungs  into  the  pharynx, 
where  it  is  swallowed.-  Cilia  also  remove  mucus  from  the  tympanum, 
and  impel  it  into  the  pharynx  ;  whilst  in  the  Fallopian  tube  they  aid  in 
the  downward  passage  of  the  ovum  towards  the  uterus. 

The  Energy  of  CiUanj  Motion  is,  as  Wyraan  flist  showed,  by  no  means  inconsiderable. 
Elaborate  experiments  have  been  made  bj^  Bowditch  (Oj).  47,  August  10,  1876)  on  this 
subject.  His  e.\])eriments  were  performed  hy  removing  the  ciliated  membrane  of  the  frog's 
nioutli,  and  fixing  it  on  a  plate  of  glsiss,  with  the  ciliated  sm-face  free.  The  prepara- 
tion was  then  jdaced  on  an  inclined  plane,  dilferent  weights  were  ajiplied  to  the  ciliated 
surface,  and  the  extent  to  which  in  a  given  time  tlie  cilia  carried  a  given  weight  up  the 
inclined  plane  was  observed.  He  in  this  way  ascertained  that  the  cilia  on  1  square 
centimeter  of  mucous  membrane  can  perform  in  one  minute  6 '8  grammillimoters  of  work  ; 
that  is,  they  can  do  work  e(|uivalent  to  raising  6 '8  grammes  to  the  height  of  1 
millimeter  in  one  minute.  He  calculates  that  in  one  minute  they  could  lift  their  own 
weight  to.  the  height  of  4  'SS  meters.  AVhon  compared  wth  the  work  of  a  muscle,  this  is 
a  relatively  small  amount  of  work  for  a  contractile  tis.sue  to  perform.  It  is  little  more 
than  T)V  of  the  working  power  of  tlie  heart,  which  in  one  minute  does  work  equal  to 
lifting  its  own  weight  to  the  height  of  150  meters  (Scliift",  Op.  48,  i.  p.  24). 

GLANDULAR  EPITHELIUM. 

Epithelium  is  the  secreting  element  in  all  glands  save  blood-glands. 
The  term  spheroidal  has  been  applied  to  glandular  epithelium,  but  the 
cells  are  usually  polygonal — rarely  si^heroidal.  They  are  nucleated 
protoplasts,  usually  without  an  envelope,  so  that  the  products  of  secretion 
readily  escape.  If  chalice  cells  are  to  be  regarded  as  unicellular  glands 
(p.  68),  they  have  an  envelope,  but  there  is  a  free  openiug  at  one  end  of 
the  cell  to  allow  the  secretion  to  escape.  Many  of  the  substances  found 
in  secretions  are  produced  within  the  gland  cells  ;  thus  pepsin  is  formed  by 
the  gastric  glands  ;  tlie  bile  acids  produced  by  the  liver  are  not  found  in 
the  blood,  but  are  elaborated  from  the  proteicls  of  the  blood  by  the  glands. 
On  the  other  hand,  in  such  a  gland  as  the  kidney,  the  great  function  of  the 
cells  appears  to  be  to  withdraw  from  the  blood  matters  already  formed, — 
urea,  etc. 

Modifications  of  E])itheliwm,. 

Epithelial  cells  may  be  variously  arranged  and  variously  modified,  to 
constitute  hair,  nail,  hoof,  horn,  feather,  fibres  of  the  crystalline  lens,  enamel 
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fibres  of  the  teeth,  and  special  cells  forming  the  peripheral  terminal  organs 
of  the  nerves  of  smell,  taste,  and  hearing. 

CHEMISTRY  OF  EPITHELIUM. 

The  chemistry  of  epithelium  is  very  imperfectly  known.  The  young 
cells  chemically  resemble  px'otoplasm  in  general,  and  contain  glycogen  (p. 
40) — a  starch-like  substance — whose  presence  is  revealed  by  iodine,  which 
strikes  an  acacia-bi'own  colour  Avhen  glycogen  is  present.  The  old  horny 
calls  of  squamous  epithelium  consist  of  keratin  or  horny  stuff  (p.  37),  an 
albuminoid  substance.  They  swell  up  in  cold  and  dissolve  in  hot  solu- 
tions of  caustic  alkalies.  The  soft  feeling  of  the  skin,  after  contact  with 
alkalies,  is  due  to  this  change. 

The  epithelial  cells  covering  the  retina,  those  of  the  hair,  and  those 
of  the  lower  layers  of  the  epidermis,  contain  a  dark-brown  pigment — 
melanin  (p.  39). 

Fat  occurs  in  the  epithelial  cells  of  the  sebaceous  glands,  and  in  those 
of  the  mammary  glands  during  the  secretion  of  milk.  In  the  latter  it 
appears  from  experimental  data,  afterwards  to  be  detailed,  that  the  fat  is 
not  simply  withdrawn  from  the  blood  but  is  produced  from  proteids  by 
the  protoplasm.  The  fat  flows  away  from  the  cell,  and  does  not  appear  to 
encumber  it.  But  in  the  cells  of  the  sebaceous  glands  fat  appears,  accu- 
mulates in  the  cell,  and  becomes  substituted  for  the  protoplasm  which 
vanishes.  This  substitution  of  fat  for  tissue  elements  is  termed  fatty 
deqeneration,  a  common  pathological  change  chiefly  observed  in  protoplasm 
and  its  near  modifications. 

MUCUS. 

Mucus  is  the  colourless  viscous  fluid  that  moistens  mucous  membranes. 
It  contains  the  debris  of  shed  epithelium,  mucus  corpuscles,  and  mucin. 

Mucus  Corpuscles  (Fig.  36)  are  nucleated  masses  of  protoplasm, 
similar  in  size  to  white  blood  corpuscles  (12"5  /x),  (awrr  inch).  Unlike 
the  majority  of  white  blood  corpuscles,  they  gener- 
ally possess  a  single  globular  nucleus,  sometimes, 
however,  there  are  two  or  three.  In  the  normal 
nmcus  corpuscle  taken,  e.g.,  from  the  human 
jiharynx,  or  from  the  fresh  trachea  of  a  rabbit,  the 
protoplasm  exhibits  even  at  the  ordinary  tempera- 

^ure  amoeboid  movement,  that  becomes  still  more  Fig.  36.  Mucus  coiiuiscie 
active  when  the  corpuscles  are  kept  at  38°  C.  (100°  fro"iii""iaiiiiiiai7nx,  examined 

.)    Oftex?  the  pseudopodia  consist  of  hyaline  protO-  The  shapes  from  a  to  «  were 

plasm  (Fig.  36).  In  the  urine,  mucus  corpuscles  are  successively  assumoa  in  the 
motionless,  probably  because  their  protoplasm  is  co"ise  of  ten  mmutes.  x  3oo. 
paralysed  by  the  urinary  constituents.  Mucus  cells  are  probably  modified 
epithelial  cells.  Probably  they  are  principally  produced  in  raucous  glands. 
The  salivary  corpuscles  (Fig.  24,  h)  resemble  them  in  size  and  in  general 
appearance,  and  also  in  their  usually  containing  a  single  nucleus.  But 
they  have  no  amoeboid  movement.  There  appears  to  be  a  thin  enve- 
lope to  the  salivary  corpuscle,  between  which  and  the  nucleus  thei-e  is  a 
fluid  in  which  granules  exhibit  Brownian  motion.    The  origin  of  the 
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salivary  corpuscles  lias  not  been  fully  ascertained,  but  the  evidence  is  in 
favour  of  their  origin  from  certain  cells  in  the  salivary  glands. 

Mucin  is  an  albuminoid  substance  (p.  37)  that  occasions  the  viscosity 
of  mucous  fluids.  It  is  not  coagulated  by  heat,  but  is  precipitated  by 
alcohol  and  by  acetic  acid,  and  the  precipitate  is  not  soluble  in  excess  of  the 
acid.  .The  precipitate  swells  up  in  water,  but  does  not  dissolve  in  it ;  it  is, 
however,  readily  soluble  in  alkalies.  Mucin  is  largely  produced  in  mucous 
glands.  It  is  also  formed  in  the  ordinary  secreting  cells  of  the  salivary 
glands,  especially  in  the  submaxillar}'  and  sublingual.  That  it  is  produced 
in  the  cells  of  ordinary  columnar  epithelium  has  been  already  stated. 

The  production  of  mucin  in  chalice  cells  has  been  already  referred  to. 
Mucin  is  useful  because  of  its  viscosity.  It  thereby  facilitates  the  passage 
of  matters  such  as  the  food  over  mucous  surfaces.  It  is,  however,  an 
entii'ely  excrementitious  substance,  and  is  therefore  thrown  out  of  the 
economy. 


RELATIONS  OF  EPITHELIUM  TO  SUBJACENT  STRUCTURES. 


Fig.  37.  Meinbiaim  jiro- 
piia  frt)iii  villus  of  cat's  in- 
testine. Silvered.  X  .^00. 
(The  nuclei  are  not  sliowu 
by  the  silver  process.) 


Basement  Membrane.  —  It  was  formerly  suj^posed  that  on  every 
epitheliated  surface  a  homogeneous  membrane,  termed 
a  basement  membrane  or  memhrana  propria  (Bowman), 
lies  immediately  beneath  the  epithelium.  Such  a 
membrane  certainly  exists  in  the  kidney,  alimentary 
canal,  respiratory  passages,  bladder,  and  sweat  glands. 
In  the  tubules  of  the  kidney  it  appears  to  be  homo- 
geneous, but  in  the  alimentary  canal  it  can,  by  the 
silver  process,  be  shown  to  consist  of  nucleated 
endothelial  plates 
(Fig.  37)  as  pointed 
out  by  Debove  [Op. 
11,  year  1874,  p. 
19).  It  lies  imme- 
diately under  the 
columnar  epithelium, and  maybe  revealed 
by  brushing  away  the  columnar  cells 
and  silvering  the  subjacent  structures. 

Nerves. — In  the  rete  mucosum  of  the 
skin,  on  the  anterior  surface  of  the  cornea, 
and  on  the  tongue,  nerves  have  been 
traced  to  epithelial  cells,  amidst  which 
the  nerve  fibrils  form  plexuses.  A 
structural  continuity  between  nerve  fib- 
rils and  ordinary  epithelial  cells  has, 
however,  not  yet  been  satisfactorily  de- 
monstrated.    In  the  case  of  the  so-called 

"  auditory  "  cells  found  m  the  ampullae  papiHa  with  its  Wood-vessels.  The  connective 
of  the  ear.  Max  Schultze  demonstrated  tissue  between  the  vessels  and  the  epithelium 
^,    ,  '  .,  ^„+:„„„c  has  been  omitted.    X  250.   (Todd  and  Bow- 

that  the  nerve  fibrils  are  contmous  witn  ^^^  .^ 

the  cells,  an  observation  which  has  been 
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confinued.  Such  a  coimectioii,  no  doubt,  also  exists  in  the  case  of  tlie 
olfactory  and  taste  cells. 

Blood-vessels. — There  are  no  blood-vessels  in  contact  with  the  epithe- 
lial cells  on  the  skin  and  mucous  membranes.  The  epithelium  must  derive 
its  nourishing  particles  immediately  from  the  lymjsh  ;  and  it  has  already 
been  stated  that  between  the  cells  in  the  lower  layers  of  stratified  squamous 
epithelium  there  are  spaces  (Fig.  26)  that  are  probably  lymph  channels. 
In  glands,  however,  especially  in  the  liver,  the  blood-vessels  come  i)ito  very 
near  relation  to  the  epithelial  cells,  doubtless  for  the  purpose  of  readily 
permitting  of  an  interchange  of  material  between  them. 


CHAPTEE  Vril. 

THE  CONNECTIVE  TISSUES. 

The  group  of  connective  tissues  embraces  cartilage,  mucous  tissue,  reti- 
form  tissue,  ordinary  connective  tissue,  and  bone.  Their  functions  are  in 
all  cases  purely  mechanical,  and  depend  on  the  nature  of  the  periplast,  as 
will  be  explained  in  detail.  All  the  connective  tissues  have  so  close  a 
genetical  relationship,  that  it  is  advantageous,  as  Reichert  proposed,  to 
group  tliem  together. 

Cartilage. 

Cartilage  is  a  solid  texture  composed  of  cells  imbedded  in  a  strong 
firm  periplast  that  forms  a  continuous  fibrillated  or  homogeneous  matrix. 
The  cells  merely  discharge  the  function  of  Secreting  the  periplast  (inter- 
cellular substance  or  matrix)  upon  whose  passive  mechanical  properties 
the  functions  of  the  tissue  depend.  Cartilage  is  of  much  service  in  the 
bodily  economy  :  thus,  at  an  early  period  of  embryonic  life,  it  constitutes 
a  temjjorary  skeleton  that  eventually  gives  place  to  bone  in  many  situa- 
tions where,  a  less  yielding  framework  becomes  necessary,  but  it  remains 
permanent  at  the  articular  ends  of  the  bones,  between  the  ribs  and 
sternum,  in  the  ear,  larynx,  and  other  situations  where  a  tissue  more 
yielding  than  bone,  but  still  of  decided  firmness,  is  required.  There  are 
three  varieties  in  the  human  subject — (I)  Hyaline  cartilage.  (2)  While 
fibro-cartilage.    (3)  Yelloiu  fihro-cartilage. 

Hyaline  Cartilage. 

Hyaline  cartilage  occurs  at  the  articular  ends  of  the  bones,  between 
the  ribs  and  sternum,  in  the  walls  of  the  trachea  and  bronchi,  and  in  the 
larynx  ;  where  the  thyroid,  cricoid,  and  arytenoid  cartilages  consist  of  it. 
In  the  mass  it  is  opaque  and  pearly  ;  in  thin  plates,  translucent.  It  is 
elastic,  pliable,  and  tough,  so  that  it  is  difficult  to  break  it. 

A  horizontal  slice  from  the  cartilage  at  the  end  of  the  frog's  femur, 
examined  in  a  serous  fluid  such  as  aqueous  humour,  or  in  a  dilute  watery 
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solution  of  alum  (1  :  200),  shows  that  the  tissue  consists  of  nucleated 
cells  imbedded  in  a  hyaline  matrix  (Fig.  39). 

The  Cells  are  more  or  less  rounded,  and  often  somewhat  anguhir. 
Each  cell  (a)  is  a  mass  of  finely-granular  protoplasm  with  a  well-defined 
,.^v:■^'r''':r:;v^sM'^■'■'■■^'^'.■■;^.,:,,,..,  spherical  nucleus,  and  often  two  or 

or  three  nucleoli.  The  protoplasm 
entirely  fills  the  cell  space,  but  if 
water  and  various  other  re-agents  be 
added,  it  shrinks  (e),  and,  gathering 
around  the  nucleus,  leaves  a  clear 
space  in  the  periphery  of  the  cell 
cavity :  proving  thai  2yi'otoplasm  is  a 
sponge-like  substance  \vith  inter- 
stices full  of  fluid.  When  the  pro- 
toplasm shrinks  from  the  capsule 
there  is  no  evidence  of  a  laceration 
of  the  protoplasm,  as  must  have 
occurred,  were  the  capsule  a  UK^re 
hardening  or  other  transformation 
of  the  outer  part  of  the  protoplasm, 

The  cells 


as  some  have  imagined. 


Pig.  39.  Aii,ii;iilar  cjulila-f  liMiii  lioail  uf  frog 
femur.  Examined  in  alum  solution  (1  :  200).  a.  Typi- 
cal cell  with  clear  cniisule  ;  b,  cell  with  divided 
nucleu.s  ;  c,  cell  with  divided  nucleus  and  proto-  ^  .  ^ 

plasm;  (/,  two  colls  within  a  primary  capsule,  each  lH'iy  be  StaiUcd  by  VariOUS  ageuts,  01 
with  a  secondary  capsule  ;  P,  cell  with  protoplasm  which  qold-clllorkU  is  pPrhapS  the 
shrivelled  around  the  nucleus,  x  800.  (The  proto- 
plasm in  e  is  too  faint.  It  ought  to  have  been 
drawn  darker  than  in  the  other  cell.4,  somewhat 
liko  b  and  c  in  I''ig.  21.) 


best.  It  dyes  the  cells  violet,  with- 
out causing  them  to  shrink.  lod'me 
solution  stains  the  cell  substance  pale 
yellow,  and  reveals  the  presence  of  ^;(tr//c/«s  of  glycogen  by  rendering  them 
brown.  Osniic  acid  slightly  darkens  the  general  cell  substance,  and  renders 
hlack  any  fatty  particles  that  may  be  present. 

The  trniismission  of  electrical  shocks  througli  a  thin  ]jlato  of  living  cartilage,  e.g.  the 
eu.sifonn  cartilage  of  the  newt,  occasions  a  sudden  .shrinking  of  the  cells,  such  as  happens 
when  a  white  blood-corpuscle  is  thus  excited.  B)'  Rollctt  (Op.  38,  i.  p.  98)  the  shrinking 
is  ascribed  to  contraction  ;  but  Hcidonbain  [Op.  49,  Heft  2,  p.  1),  who  discovered  this 
fact,  maintains  that  as  the  protopla.sm  never  relaxes  and  refills  the  cell-space,  the  electricity, 
like  water  and  other  re-agents,  simply  occasions  coagulation  of  the  pi'oteids  in  the 
protoplasm. 

The  Matrix  {intercellnlar  substance  or  p)eriplast)  has  the  appearance 
of  ground  glass.  It  is  hj^aline,  faintly  granular,  and  Avithout  special 
methods  of  preparation  appears  homogeneous.  It  is  secreted  by  the  cells, 
around  each  one  of  which  the  newest  part  of  the  matrix  constitutes  a 
clear  homogeneous  capsule,  at  first  distinct,  but  becoming  after  a  time  so 
fused  with  the  surrounding  matrix  as  to  be  undistinguishable  from  it. 
The  matrix  may  be  stained  of  a  brown  colour  by  the  silver  process,  and 
by  this  means  the  capsule  around  each  cell  is  often  very  clearly  defined. 

Outside  the  cell-capsule  the  matrix  appears  homogeneous,  but  is  in 
reality  fibrillated,  as  was  first  pointed  out  by  Leidy,  an  American  histologist. 
The  fibrillation  may  become  very  evident  in  some  pathological  states  of 
cartilage,  as  Eedfern  was  the  first  to  show  {Op.  7,  August  1849). 
Eecently  this  point  has  been  reinvestigated  by  Tillmanns  {Op.  18,  x.  p. 
401 ;  {Op.  16,  Anat.  Abtheil.,  year  1877,  p.  9)  and  Baber  {Op.  1,  x.  p.  113). 
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who  show  that  the  matrix  consists  of  fine  fibrils  held  together  by  a  clear 
homogeneous  cement-substance,  that  may  be  dissolved  or  softened  by 
certain  re-agents,  after  which  the  fibrils  become  visible.  The  fibrils 
may  be  seen  without  much  difficulty  by  placing  a  thin  slice  of  articular 
cartilage  of  a  frog  for  three  days  in  a  10  per  cent  solution  of  sodium 
chloride,  as  Tilhnanns  recommends.  Pressure  on  the  cover-glass  is 
sometimes  required  to  bring  them  into  view.  Tillmanns  also  recom- 
mends {Op.  cif.  16)  digestion  with  trypsin  (the  proteolytic  ferment  of  the 
pancreas)  as  a  means  of  demonstrating  them.  The  tryptic  digestion  dis- 
solves the  cement-substance  and  leaves  the  fibrils.  The  fibrils  are  clear 
and  homogeneous,  and  run  in  branching  bundles.  In  some  jjlaces  they 
are  at  a  distance  from  the  cells  with  an  intervening  homogeneous  matrix, 
in  other  situations  they  run  in  bundles  towards  the  cell-capsules  and  seem 
to  end  abruptly  there. 

Frodiidion  of  the  Matrix. — One  point  of  importance  in  the 'histology  of 
cartilage  is  the  clearness  with  which  the  production  of  the  periplast  by 
the  cells  may  be  traced.  The  nucleus  and  then  the  protoplasm  divide 
into  two  (Fig.  39,  b  c).  The  cell  capsule  does  not  grow 
inwards  between  them,  but  each  protoplast  secretes  around 
it  a  new  capsular  perij)last,  that  may  by  very  careful  illu- 
mination be  seen  within  and  quite  distinct  from  the  cap- 
sules previously  formed  (d).  The  latter  after  a  time  be- 
comes indistinguishable  from  the  surrounding  periplast, 
and  probably  undergoes  a  molecular  transformation  into  the 
fibrils  and  cement-substance  already  mentioned.  Al- 
though the  growth  of  the  capsule  in  some  way  depends 
on  the  protoplasm,  there  is  no  evidence  of  any  direct 
transformation  of  the  one  into  the  other;  the  two — 
though  in  apposition — seem  to  be  as  structurally  distinct 
as  the  protoplasm  freely  moving  inside  the  periplast  of  the 
cells  of  Tradescantia  (Fig.  6).  Yet  in  that  case  as  in  this 
the  periplast  is  produced  by  the  protoplasm. 

Chemistry  of  Cartilage. — The  matrix  yields  chon- 
driu  by  prolonged  boiling.  Chondrin  is  an  albuminoid 
matter  allied  to  gelatine  (p.  37),  the  substance  obtained  by 
boiling  white  fibrous  tissue.  As  chondrin,  unlike  the 
cartilage  matrix,  is.readUy  soluble  in  hot  water,  it  is  sup- 
posed to  "be  derived  from  a  hypothetical  substance  termed 
chondrogen.  That  chondrogen  is  derived  from  proteids 
under  the  influence  of  the  cartilage  cells  cannot  be  doubted, 
but  there  is  no  evidence  of  any  actual  transformation  of 
the  peripheral  part  of  the  protoplasm  into  the  matrix  as 
some  have  supposed. 

The  general  composition  of  hyaline  cartilage  (articular)  is  water 
73 '59,  organic  matter  24 '87,  inorganic  solids  1'54  per  cent. 

In  a  Vertical  Section  of  Articular  Cartilage 
(Fig.  40)  the  cells  are  flattened  near  the  articular  surface, 
where  the  cartilage  is  gradually  worn  away  by  the  movement  of  the 
joint.    Cell-proliferation  occurs  throughout  the  whole  substance  of  the 


Fig.  40.  Vertical 
.section,  head  of 
radius  of  full-grown 
cat.  n,  i\jticular 
cartilage  ;  b,  zone 
of  calcified  carti- 
lage ;  c,  bone  ;  d, 
cartilage  cell  pass- 
ing into  a  bone-cor- 
puscle ;  h,  Haver- 
sian canal.  x  300 
(reduced). 
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cartilage  ;  Iience  the  irregular  grouping  of  the  cells.  But  it  probably  takes 
place  most  rapidly  near  to  the  bone,  where  the  cells  are  in  rows,  owing 
to  the  cell-cleavage  in  this  situation  always  taking  place  at  right  angles 
to  the  axis  of  each  row. 

Near  to  the  bone  (b)  there  is  a  zone  where  the  matrix  of  the  cartilage 
is  very  evidently  fibrillated  and  impregnated  with  calcareous  matter. 

Costal  Cartilage  from  an  adult  shows  the  fibrillation  of  the  matrix 

far  more  distinctly  (Fig.  41  /).  Here  and 
there  tlirougliout  the  cartilage  the  cells  pro- 
liferate and  form  irregular  groups  or  rows  (c), 
in  the  neighbourhood  of  which  fibrillation  of 
the  matrix  becomes  very  evident.  The  fibrils 
are  of  a  yellowish  colour,  run  parallel  one 
with  another,  and  unlike  those  of  white 
fibrous  tissue  do  not  swell  up  in  acetic  acid. 
The  fibrils  appear  to  be  calcified.  The  relation 
between  these  calcified  fibrils  and  the  original 
and  far  less  evident  fibrils  of  the  matrix 
is  not  as  yet  determined,  but  it  is  perfect^ 
clear  that  the  cartilage  periplast  may  become 
the  seat  of  important  structural  and  chemical 


Fig.  41.  Cosinl  carlilnge  of  adult. 
c,  Cells  ;  /,  librillal  ed  matrix.  X 
300.  (Drawn  after  stniiiing  with 
picric  aeiil,  which  reveals  the  cap- 
sules of  the  cells  cle.irly.) 


changes. 


As  cartilage  grows  old,  fatty  transforma- 
tion of  the  cells  and  calcification  of  the  matrix 
are  verj''  apt  to  occur.  Both  may  be  seen  in 
the  costal,  laryngeal,  and  tracheal  cartilages  of  old  persons.  Fatty  par- 
ticles appear  amidst  the  protoplasm,  and  may  become  so  numerous  that 
they  almost  entirely  take  its  place  (fatty  degeneration).  When  the  matrix 
becomes  calcified,  the  mineral  particles  may  appear  irregularly  scattered 
around  the  cells  in  the  matrix,  which  otherwise  appears  unchanged,  or  the 
matrix  may  become  obviously  fibrillated. 

Development. — Cartilage  is  developed  from  the  mesoblast.  Nucleated 
protoplasts  secrete  around  them  a  hyaline  capsule.  The  capsules  of  neigh- 
bouring cells  are,  as  it  were,  pressed  together  to  form  the  matrix,  which 
is  at  first  in  small  amount  relatively  to  the  cells.  This  relatively  small 
production  of  the  periplast  is  a  permanent  characteristic  of  the  so-called 
pareiichj/mafons  or  cellular  cartilage  of  the  ear  of  the  mouse,  bat,  and  some 
other  animals;  but  usually  this  condition  is  transient.  The  cells  produce  a 
relatively  large  quantity  of  matrix,  and  ordinary  hyaline  cartilage  is  the 
result.    The  growth  of  the  matrix  has  already  been  described. 

Perichondrium. — Excepting  the  case  of  articular  cartilage,  all  the 
other  hyaline  cartilages  are  enveloped  in  a  vascular  fibrous  membrane — 
the  perichondrium.  It  chiefly  consists  of  white  fibrous  tissue,  and  it  is 
instructive  to  observe  the  gradual  transition  between  the  hyaline,  ap- 
parently homogeneous,  periplast  of  the  cartilage,  and  the  obviously 
fibrillated  periplast  of  the  fibrous  tissue,  and  between  the  cells  of  car- 
tilage and  those  of  the  fibrous  tissue.  There  is  no  abrupt  line  of  demar- 
cation between  the  two  tissues.  But  the  fibrous  tissue  periplast  decidedly 
differs,  chemically,  from  that  of  the  cartilage,  for  while  acetic  acid  causes 
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Fig.  42.  The  periplieral  partof  a  transverse 
section  of  a  traclieal  ring,  o,  perichondiium  ; 
h,  cartilage,    x  (iOO. 


the  former  to  swell  and  become  very  transparent,  it  does  not  aflfect  the 
latter.    Moreover,  boiling  extracts  gela-  _ 
tin  from  the  former  but  chondrin  from 
the  latter, — both  albuminoid  substances 
however. 

As  already  stated,  the  surface  of 
articular  cartilage  that  is  exposed  to 
friction  is  bare.  This,  however,  is  true 
only  after  the  joint  has  been  used,  for 
previous  to  that  time,  as  shown  by 
Henle,  the  free  surface  is  covered  by  a 
layer  of  endothelium  continued  from  the 
synovial  membrane.  At  all  ages,  how- 
ever, the  peripheral  part  of  the  articular 
surface  that  is  not  exposed  to  friction 
is  covered  by  a  very  vascular  layer  of 
the  synovial  membrane. 

Vessels  and  Nerves. — Articular 
cartilage,  being  non-vascular,  depends 
for  its  nutrient  supply  on  the  blood- 
vessels of  adjacent  bone  and  synovial 
membrane.  Thick  pieces  of  cartilage,  such  as  those  of  the  ribs, 
have  vascular  canals  containing  blood-vessels  and  connective  tissue  that 
penetrate  from  the  perichondrium.  These  vascular  canals,  however,  are 
not  found  in  the  embryonic  state,  and  only  appear  as  a  preliminary  to 
ossification  (Kanvier,  0]).  39,  p.  290). 

As  no  capillaries  at  any  time  penetrate  the  general  cartilage-matrix, 
it  must  be  sufficiently  porous  to  allow  of  the  penetration  of  lymjjh  from 
the  neighbouring  capillaries  ;  and  proof  of  this  porosity  is  furnished  by 
the  readiness  with  which  a  staining  agent  diffuses  into  the  tissue.  Car- 
tilage, probably,  does  not  require  a  very  abundant  supply  of  pabulum,  for 
its  metabolism  is  doubtless  tardy,  because  it  is  a  tissue,  where  only  a 
slow  growth  occurs,  and  thus  very  different  from  a  muscle,  where  energy 
is  rapidly  evolved  ;  or  a  gland,  where  substances  for  secretion  are  quickly 
required,  and  where,  therefore,  the  vessels  are  brought,  it  may  be,  into 
actual  contact  with  each  cell.  Neither  lymphatics  nor  nerves  have  been 
found  in  cartilage,  and  it  is  devoid  of  sensibility. 

Irritation  of  Cartilage. — Goodsir  (Op.  50,  ii.  p.  408)  first  pointed 
out  that  when  articular  cartilage  ulcerates,  its  cells  proliferate,  and  a  brood 
of  them  fills  each  cell-space  which  thus  becomes  enlarged.  At  the  joint 
the  cell-capsules  are  opened  by  absorption,  and  the  young  cells  are  dis- 
charged. Kedfern  (Op.  7,  year  1849)  confirmed  Goodsir's  observation, 
and  further  showed  (Op.  ext.,  year  1850)  that  when  articular  cartilage  is 
irritated  by  the  introduction  of  a  foreign  body,  such  as  a  seton,  cell 
multiplication  occurs.  When  the  irritation  is  not  excessive,  each  young 
cell  produces  a  cartilage  capsule.  But  with  excessive  irritation  the  vital 
action  of  the  protoplasts  becomes  seriously  altered ;  they  do  nothing  but 
multiply,  and  cease  to  produce  a  periplast ;  and  instead  of  an  increased 
vroducHon  of  cartilage,  its  destruction  in  the  manner  described  by  Goodsir 
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is  the  fiiiiil  event.  The  degenerated  descendants  of  the  in-itated  car- 
tilage-cells closely  resemble  pus-corpuscles.  Upon  Goodsir  and  Ited- 
fern's  observations  Virchow  founded  his  Cdlular  Paiholofjy  (Oji  32),  and 
their  great  and  fundamental  importance  consists  in  this,  that  they  afford 
a  clear  and  unequivocal  demonstration  of  the  germinal  activity  inducible 
in  cells  by  appropriate  irritation.  A  mild  excitement  increases  germinal 
activity  without  altering  the  physiological  characteristics  of  the  particular 
cells  concerned,  but  powerful  irritation  profoundly  alters  them. 

In  many  situations  pus  corpuscles,  to  some  extent  at  all  events,  are  certainly  emi- 
grated white  blooil-corpuscles  ;  but  in  articular  cai'tilage  we  have  a  texture  whose  matrix 
prevents  the  entrance  of  blood  corjiuscles ;  and  therefore,  although  it  may  be  doubted 
that  the  cell-broods  of  the  irritated  cartilage  are  identical  with  pus  cells,  they  are,  at 
all  events,  not  unlike  them,  and  are  formed  in  situ. 

JFldte  Fihro-Cartilage. 

The  intervertebral  discs,  sacro-iliac  synchondrosis,  symphysis  pubis, 
inter-articular  cartilages,  glenoid  and  cotyloid  ligaments,  and  the  cartilages 
that  deepen  the  grooves  for  tendons — all  consist  of  white  ^bro-cartilage. 
It  consists  of  a  matrix  of  very  fine  colourless  fibrils  (Fig.  44  d)  similar  to 
those  of  white  fibrous  tissue  (Fig.  51),  surrounding  cells  resembling  those  of 

hyaline  cartilage.  Each  cell  is  a 
nucleatedprotoplastwith  aclear 
homogeneous  capsule.  The  cell 
may  be  single  («),  but  many  in- 
stances of  proliferation  may  be 
found  where  a  single  capsule 
encloses  two  cells  {h,  c).  There 
is,  therefore,  in  tliis  tissue,  as 
in  hyaline  cartilage,  a  twofold 
periplast  —  the  clear  homoge- 
neous cell  capsule  and  the 
fibrillated  substance.  But  here, 
unlike  hyaline  cartilage,  the 
fibrils  are  obvious  without  spe- 
cial preparation,  owing  to  the 
small  amount  of  cement  sub- 
stance. Whether  or  not  the 
fibrillated  matrix  is  here,  as  in 
hyaline  cartilage,  a  transforma- 
tion of  the  cell-capsule,  remains 
to  be  shown.  Chemically,  this  tissue  is  more  closely  allied  to  white  fibrous 
tissue  than  to  cartilage,  inasmuch  as,  on  boiling,  it  yields  gelatine. 

In  the  centre  of  the  intervertebral  disc  the  cartilage  has  no  fibrillated 
matrix.  Many  of  the  cells  are  similar  to  those  of  white  fibro-cartilage, 
but  often  a  single  capsule  encloses  a  brood  of  young  cells.  This  central  part 
of  the  disc  is  probably  directly  descended  from  the  cells  of  the  chorda 
dorsalis  of  the  embryo. 


Fig.  43.  Wliite  flbro-cartilage  from  periphery  of  inter- 
vertebral disc  of  ox.    a,  b,  c,  Cells  ;  d,  iimtrix.    x  SCO. 
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Yelloiv  Fihro-Cartilage. 


Yellow  fibro-cartilage  (reticular,  s^Mngy,  or  elastic  cartilage)  occur.s  in 
the  epiglottis,  corniculae  laryngis,  in  the  outer  ear,  and  in  the  Eustachian 
tube.  It  is  more  flexible  than  hyaline  cartilage,  has  a  yellow  colour,  and 
its  cut  surface  has  a  spongy  appearance. 

The  structure  of  this  tissue  may  be  best  compi-ehended  by  tracing 

the  transition  between  it  and  hyaline  cartilage,  as  it  may 

be  found  at  the  root  of  the  epiglottis,  or  at  the  apex  of 

the  arytenoid,  where  its  hyaline  cartilage  gradually  merges 

into  the  elastic  cartilage  of  the  cornicula  laryngis.  A 

network  of  fibres  identical  with  those  of  elastic  tissue 

(Fig.  49)  appears  in  the  hyaline  matrix  (Fig.  44,  h).  These 

increase  in  number,  until  they  almost  entirely  replace  the 

hyaline  matrix,  and  thus  the  hyaline  becomes,  as  it  were, 

yellow  fibro-cartilage  (e).    Cartilage  cells  are  found  amidst 

the  feltwork  of  elastic  fibres,  and  immediately  round 

them  there  is  usually  a  layer  of  hyaline  matrix  in  which      Fig.  44.  Tian.'iition 

Iiyiiline  (ft) 


elastic  fibres  have  not  yet  appeared.  In  the  epiglottis, 
the  elastic  reticulum  is  so  close  (Fig.  45,  a)  that  it  re- 
sembles  a  sponge  rather  than  a  feltwork  of  fibres,  although  of  epiglottis  or  .sheep. 


X  30 


here  and  there  the  meshwork  is  so  open  that  the  bridges 
appear  as  fibres.    Hyaline  matrix  (c),  not  yet  differentiated  into  the  elastic 
reticulum,  surrounds  the  cells  (b),  and  to  some  extent  fills  the  interstices 

of  the  sponge-like  reticulum. 

The  transition  of  hyaline  into  elas- 
tic cartilage,  above  traced,  is  a  perma- 
nent picture  of  the  embryonic  de- 
velopment of  the  latter.  In  the  em- 
bryo it  is  preceded  by  hyaline  carti- 


lage,  in  whose  matrix  the  elastic  mate- 


rial makes  its  appearance.  Some 
maintain  that  the  elastic  substance  is 
a  direct  transformation  of  the  pro- 
toplasm of  the  cells,  but  of  this  we 
have  failed  to  find  the  least  evidence. 
It  may  be  clearly  seen,  in  the  case  of 
the  elastic  fibres  at  all  -  events,  that, 
as  H.  Miiller  {Op.  51,  x.  p.  132) 

 "'>^^' "3-""^  stated,  they  are  produced  within  tlie 

-    "  ^        matrix  often  at  a  distance  from  the 
Fig.  45.  - Spongy  cartilage  from  epiglottis  of  cells,  apparently  by  the  coalescence 

fllieep.    6,  Cell ;  c,  hyaline  matrix  around  it ;  a,   of   fine   granules    of   elastic  material 

(Hcrtwig,  Op.  18,  ix.        probably  result  from  a  metabolism 


ela.itic  network, 
p.  80.) 


X  SCO. 


of  chondrogen. 


Elastic  tissiie  consist.s  of  elastin,  a  substance  that  reseuil)lc.s  chondrin — only  in  its 
albuminoid  composition.  Unlike  oliondrin  and  ff«lntin,  it  is  i|nite  insolnble  in  hot 
water  ;  and,  unlike  gelatigenous  tissue,  it  is  uiniH'ected  by  acetic  acid.  But  though 
exceedingly  insoluble,  the  elastic  material  may  be  dissolved  by  prolonged  maceration  i  a 
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strong  solution  of  caustic  potash,  in  which  it  breaks  down  into  granules  that  dissolve  on 
the  addition  of  water.    Elastic  cartilage  when  boiled  yields  a  small  quantity  of  chondriii. 

Mucous  Tissue. 

Mucous,  or  jelly-like  connective  tissue,  is  the  permanent  connective 
tissue  of  the  cephalopoda  and  many  other  invertebrates.  In  the  human 
embryo  it  is  the  predecessor  of  other  forms  of  connective  tissue,  viz. 
retiform  and  ordinary  connective  tissue.  In  the  adult  it  occurs  only  in 
the  vitreous  humour,  but  in  pathological  states  it  sometimes  reappears 
and  constitutes  myxomatous  tumours. 

The  typical  structure  of  this  tissue  is  found  in  cephalopods,  in  the 
early  embryo,  and  in  the  outer  part  of  the  vitreous  humour.  It  consists 
of  cells  in  a  clear,  homogeneous,  jelly-like  matrix  or  periplast  (Fig.  46,  m). 

The  cells  are  nucleated  protoplasts  of  two 
sorts — 1.  Stationary  cells  with  delicate  pro- 
cesses anastomosing  with  those  of  their 
neighbours  (c).  These  are  the  connective 
tiasue  corpuscles  inoper.  2.  Amoiboid  or 
■wandering  cells,  more  or  less  rounded  in 
shape,  and  apparently  identical  with  white 
blood-corpuscles.  The  branched  corpuscles 
are  generally  the  more  numerous  of  the 
two,  but  throughout  the  greater  part  of 
the  vitreous  humour  of  the  adult  they 
are  absent,  and  only  the  amoeboid  cells 
are  found. 

In  the  other  parts  of  the  body,  where 
the  preliminary  mucous  tissue  gives  place 
to  tissues  that  are  permanent,  two  differ- 
ent transformations  occur.  The  matrix 
may  disappear,  while  the  processes  of  the 
corpuscles  become  thicker  and  stronger, 
and  constitute  retiform  tissue  (Fig.  47).  Or  the  fibrils  of  white  fibrous 
tissue  may  appear  in  the  matrix,  altogether  independent  of  the  cells 
(just  as  fibrils  make  their  appearance  in  the  hyaline  matrix  of  cartilage, 
p.  41),  and  the  tissue  thus  tend  towards  ordinary  connective  tissue. 
This  is  its  condition  in  the  so-called  Wharton's  jelly  of  the  umbilical 
cord.  The  continuation  of  this  transformation  that  occurs  when  the 
tissue  gives  rise  to  ordinary  connective  or  fibrous  tissue  will  be  described 
later. 

The  cartilage  of  cephalopods  closely  resembles  mucous  tissue  in  structiu-e.  Its  cells 
form  a  network,  but  the  jelly-like  matrix  is  replaced  by  the  firm  matrix  of  cartilage.  This 
cartilage,  with  ramified  cells,  sometimes  appears  ivith  mucous  tissue  in  myxomatous  tumoxirs. 

Mucous  tissue  yields  mucin  and  albumin.  The  latter  is  probably 
derived  from  the  lymph  with  which  the  tissue  is  bathed,  but  the  muciu 
is  doubtless  produced  by  the  agency  of  the  cells. 

Retiform  Tissue. 
Retiform  or  adenoid  (His)  connective  tissue  occurs  in  the  spleen  and 


Fig.  40.  Mucous  tissue  from  tlie  pcii- 
pliery  of  tlie  vitieiius  Iiuiiiour.  c,  Coi  pus- 
cles.  m,  jully-like  iiiftti  ix.  X300.  The  lines 
in  tilt  matrue  are  merely  for  nhafliiuj. 
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lymph  glands,  in  the  aliment<ary  mucous  membrane,  and  especially  in  the 
intestine,  and  in  the  bronchial  mucous  membrane.  It  consists  of  ramified 
connective  tissue  corpuscles,  whose  branches  form  an 
anastomosing  reticulum  (Fig.  47).  The  intervening 
spaces,  which  in  the  mucous  stage  of  this  tissue 
M'ere  filled  with  a  jelly-like  matrix,  now  contain  _j 
lymph,  and  it  may  be  lymph-corpuscles.  The  pro-  iT 
toplasm  of  the  corpuscles  have  become  transformed  ^ 
into  a  periplast,  consisting  of  a  firm  and  tolerably 
resistent  material.  The  nuclei  may  remain,  but 
from  many  corpuscles  they  disappear.  This  tissue 
may  therefore  be  regarded  as  mucous  tissue,  whose  ^'S-  Retiform  tissua 
periplast  has  given  place  to  cavities  filled  with  lymph  '^'^  "  '^"'i"^  s'""''- 
and  its  corpuscles,  and  whose  cells  have  been  transformed  into  a  new 
periplast  that  forms  a  fibrous  reticulum.  In  this  instance  the  periplast 
appears  to  be  really  a  transformation  of  the  protoplasm. 

Ordinary  Connective  Tissue. 

Ordinary  connective  tissue  binds  the  bones  one  to  another,  and  to 
their  muscles ;  it  forms  sheaths  and  capsules  for  cartilage,  bone,  muscle, 
and  various  organs,  such  as  the  eye,  liver,  spleen,  etc.  ;  and  serves  as  a 
connective  substance  throughout  the  body  generally.  In  the  skin  and 
many  other  parts  it  is  arranged  in  the  form  of  an  open  network ;  Avhile 
in  tendon,  ligament,  and  aponeurosis  it  is  arranged  in  a  compact  form. 
It  consists  of  nucleated  protoplasts,  with  a  periplast  that  is  for  the  most 
part  fibrous  :  the  fibres  being  of  two  sorts — the  white  or  gelatigenous, 
and  the  yellow  or  elastic.  Sometimes,  however,  the  periplast  is  in  the 
form  of  a  membrane,  as  is  the  case  in  the  elastic  membrane  of  blood- 
vessels. It  is  convenient  to  study  separately — 1,  The  structural  elernents  of 
ordinary  connective  tissue,  viz.  («)  an  elastic  element,  [h)  a  gelatigenous 
element,  (c)  cellular  elements ;  2,  Their  arrangements. 

1.  Elements  of  Ordinary  Connective  Tissue. 

a.  The  Elastic  Element  of  Ordinary  Connective  Tissue 
(Elastic  Tissue)  is  of  much  service  in  various  parts  of  the  economy 
because  of  its  extensibility  and  elasticity.  Thus,  in  the  lungs  it  readily 
allows  of  their  distension  during  inspiration ;  and  by  its  power  of  recoil 
it  is  an  imj^ortant  agent  in  the  production  of  the  act  of  expiration.  It 
gives  to  arteries  and  veins  the  properties  of  elastic  as  contrasted  with 
rigid  tubes.  By  giving  elasticity  to  the  vocal  cords  it  is  of  service  in  the 
production  of  voice.  It  also  gives  elasticity  to  the  skin  and  various  other 
parts.  It  is  composed  of  elastin,  an  albuminoid  substance  already  referred 
to  (p.  37),  but  whose  insolubility  in  acetic  acid  may  be  again  specially 
mentioned.  Elastic  tissue  is  mostly  fibrous,  but  in  some  situations 
memlrranous.  Both  varieties  usually  occur  amidst  or  in  contact  with 
white  fibrous  tissue. 

The  fibrous  variety  of  elastic  tissue  (yellow  or  elastic  fibrous  tissue) 
occurs  in  the  ligamentum  nuchas  and  ligaracnta  subfiava,  in  the  true  vocal 
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cords,  stylohyoid  ligament — the  thyrohyoid  and  cricothyroid  membranes. 
It  is  also  found  in  the  lung,  skin,  and  generally  wherever  white  fibrous 
tissue  occurs,  some  elastic  tissue  is  intermingled  with  it. 

Elastic  fibres  are  of  a  pale  yellow  colour.  In  the  vertebral  ligaments 
they  are  coarse — beiiig  about  8  (-joVs-  inch)  in  diameter  (Fig.  48).  In 
other  situations  they  are  much  finer  (about  1  /x,  or  in-D-Trcr  inch).  They  are 
of  indefinite  length,  are  branched,  often  curl  up  at  the  ends,  refract  the 
light  strongly,  and  have  therefore  a  sharply  defined  outline.  They  are 
unaffected  by  acetic  acid.  Sometimes  there  are  rounded  holes  or  fissures 
in  the  fibres,  but  usually  they  are  homogeneous  and  solid.  They  have  no 
nuclei. 


Fig.  48.  Coarse  elastic  fibrous 
tissue  from  liKmucntiim  nuclia;  of  ox. 
X  250. 


Fig.  49.  Fine  elastic  fibrous  tissue 
from  peritoneum  of  cliilil.  x  350 
(Kolliker.) 


The  membranous  variety  of  elastic  tissue  occurs  principally  in  arteries 
and.  veins.  The  membrane  may  be  of  uniform 
extension,  or  it  may  be  piei-ced  Avith  holes  (fenes- 
trated) of  various  sizes  (Fig.  60),  sometimes  in- 
deed so  large  that  the  membrane  becomes  virtually 
a  network  of  elastic  fibres. 

h.  The  GtElatigenous  Element  of  Ordinaky 
Connective  Tissue  is  so  called  because  on  boiling 
it  yields  gelatine.  ;  It '  is  nearly  always  in  the  form 
o{  fibrils,  which  are  usually  gathered  into  bundles — 
the  gelatigmous  or  white  fibres  (white  fibrous  tissue). 
In  some  situations,  however,  e.g.  in  the  delicate  sheath 
of  SchAvann  that  envelopes  nerve  fibi'es,  it  constitutes 
a  homogeneous  membrane.  The  white  or  gelatigenous  element  is  usually 
much  more  abundant  than  the  elastic  element  in  ordinary  connective 
tissue,  except  in  the  elastic  ligaments  already  mentioned,  where  the  elastic 
element  greatly  preponderates.  The  gelatigenous  element  is  almost 
devoid  of  extensibility,  and  is  therefore  fitted  to  constitute  tendons, 


4/\il:t>-:J  

Fig.  50.  Elastic  membrane 
from  carotid  artery  of  liorse. 
X  850.  (Kollilier.) 
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aponeuroses,  and  those  ligaments  in  which  stretching  is  undesirable, 
these  cases  the  elastic  tissue  element  is  almost  entirely  absent. 


In 


The  difference  between  the  elastic  and  white  connective  tissue  fibres,  as  regards 
extensibility  and  elasticity,  may  be  readily  apprehended  by  comparing  a  strip  of  liga- 
mentum  nuchaj  with  a  tendon.  Tlie  ligament  is  very  extensible,  and  when  relieved  from 
the  stretching  force  recoils  to  its  original  length.  Expressed  in  the  precise  terms  of  the 
physicist,  the  elasticity  of  the  ligament  is  sniall  in  amount  but  ;)c?/ec<  in  quality.  On 
tlie  other  hand,  the  tendon,  though  extremely  supple  and  pliable,  is  almost  inr.xlcnsihle, 
and  when  it  does  yield  to  a  powerful  force  it  fiiils  to  regain  its  original  length  when  the 
stretching  is  discontinued.  It  has  therefore  a  large  amount  of  elasticity,  but  of  an  imperfect 
quality.  It  thus  resembles  a  Haxen  cord,  while  the  ligament  is  like  an  india-rubber 
hand.  For  convenience,  the  term  elastic  is  in  ordinaiy  phraseology  commonly  applied 
to  those  bodies  whose  elasticity  is  perfect  in  quality  though  small  in  amount. 

The  structure  of  ■white  connective  tissue  fibres  may  be  readily  studie<l  in 
the  deep  layer  of  the  skin.  Each  fibre  is  a  round  or  flattened  filament'  of 
indefinite  length  (Fig.  51,  b),  and  usually  about  8  (^-Jg-^  inch)  in  breadth. 
It  is  colourless,  transparent,  and, 
owing  to  its  feeble  refractive  power, 
is  bounded  by  a  faint  outline  :  in 
this  respect,  therefore,  strongly  con- 
trasting with  elastic  fibres  («).  When 
unstretched  it  assumes  a  wavy  form. 
The  fibre  may  appear  homogeneous, 
but  by  teasing  with  needles  it  readily 
splits  into  a  bundle  of  fine  fibrils. 
They  resemble  threads  of  spun  glass, 
are  homogeneous,  unbranched,  and 
only  about  half  a  micro  (soloo 
inch)  in  diameter.  The  circumstance 
that  cleavage  of  the  fibre  into  fibrils 
is  very  readily  effected  after  macer- 
ation in  lime  or  baryta  water,  in  a 
ten  per  cent  solution  of  sodium 
chloride  (compare  hyaline  cartilage, 

r.f.\         ■         I,-  n       ,       •  Fi".  51.    Eleme  ts  of  ordinary  connective  tissue, 

p.  I  i),  or  m  solutions  of  potaSSmm  j,,"^^;^  ^^^.^.^  ^j,ite  fibres;  ccZ,  connective 
bichromate  or  J^ermanganate,  has  tissue  cells  ;  c',  profile  view  of  the  same  ;  e,  wander- 
led  to  the  belief  that  the  fibrils  are  C""""  ^^i^cutaneous  tissue  of  young 
united  by  an  interstitial  cementing  ^ 

substance.  The  matter  dissolved  by  the  lime-water  agrees  in  its  reactions 
with  mucin  (Rollett,  Op.  38,  i.  72).  The  fibres  are  sometimes  encircled 
by  fibrous  or  membranous  rings  {h).  These  are  very  common  in  the 
fibrous  tissue  of  the  subarachnoid  space,  where  the  fibres  are  often 
encircled  not  by  rings  but  by  networks  (Key  and  Eetzius,  Op.  52,  vol.  i. 
Plate  14,  Fig.  9).  These  rings  and  networks  resemble  elastic  tissue 
inasmuch  as  they  are  not  aff'ected  by  acetic  acid,  but  they  cannot  be  regarded 
as  identical;  for,  as  Ranvier  {Oji.  39,  p.  338)  has  shown,  they,  like  the 
white  fibres,  are  coloured  red  by  picrocarmine,  while  the  elastic  fibres 
remain  colourless.  When  dilute  acetic  acid  is  added  to  the  white  fibres, 
their  fibrillar  structure  disappears,  they  become  exceedingly  transparent, 
and  swell.    If  constricting  rings  are  present  (b)  the  fibre  swells  between 
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tluiiii,  and  assumes  a  beaded  appearance.  The  white  fibi'es  consist  of  a 
gelatigenous  substance  termed  collagen,  which  by  boiling  is  converted  into 
gelatine,  Avhose  properties  have  been  already  alluded  to  (p.  37). 

c.  The  Cellular  Elements  of  ordinary  Connective  Tissue  are — 
1.  The  ordinary  or  finely-granular  cells.  2.  Tlie  wandermj  cells.  3.  llie 
coarsely-granular  cells. 

1.  The  ordinary  connective  tissue  corpuscles  are  fixed,  and  usually  some- 
what flattened  cells.  The  nucleus  is  usually  more  or  less  oval,  and  mostly 
surrounded  by  some  undiff"erentiated  protoplasm.  The  whole  corpuscle 
in  its  young  state  is  simply  a  nucleated  protoplast ;  but  in  the  fully- 
formed  condition,  the  outer  part  of  the  protoplasm  is  sometimes  transformed 
into  a  thin  transparent  homogeneous  plate,  with  or  without  fine  processes 
of  a  similar  nature.  The  cell  may  be  a  simple  epithelioid  plate  without 
marginal  processes,  but  usually  its  margins  are  prolonged  into  delicate  pro- 
cesses (Fig.  51,  c).  The  corpuscle  may  occur  singly,  or  its  processes  may 
anastomose  with  those  of  neighbouring  cells,  and  form  a  network,  as  may 
be  well  seen  in  the  cornea  (Fig,  52).    Viewed  edgewise,  the  flattened  cell 

resembles  a  spindle  (Fig.  51,  c),  the  central 


bulging 


being   due  to  the   nucleus.  But 


Fig.   C2.  Branclicd 
tissue  oells  of  cornea  of  frofr. 


sometimes  the  branched  connective  tissue  cor- 
puscle is  a  compound  plate;  either  a  series — 
from  four  to  six — projecting  from  a  central 
nucleated  mass,  like  the  spokes  of  a  wheel,  or 
a  princiiial  jilate  containing  the  nucleus  and 
giving  ofi^  at  various  angles  a  few  smaller 
plates  from  its  surface  ;  all  the  plates  usually 
ending  in  fine  processes  (Waldeyer,  Op.  18, 
connective  xi.  17C).  The  cells  are  motionless,  and  they 
are  usually  colourless,  but  in  the  choroid  coat 
of  the  eye  (Fig  53)  they  are  loaded  with  dark  brown  granules  of  melaniii 
(p.  ).  The  contractile  pigment  cells  of  the  frog  will  be  afterwards 
alluded  to.  The  appearance  of  fat  within  the  con- 
tive  tissue  cells  will  also  be  speciallj'  described. 

2.  The  wandering  or  ainceboid  connective  tissue  co?- 
puscles  (or  leucocytes)  are  nucleated  cells  resembling 
lymph  or  white  blood-corpuscles  (Fig.  51,  e).  They 
are  chiefly  found  in  loose  connective  tissue,  and 
migrate  from  one  place  to  another  through  its  lymph 
spaces.  Some  of  them  certainly  are,  and  it  may  be 
that  all  of  them  are,  white  blood-corpuscles  that 
have  emigrated  from  the  vessels.  Probably  some 
of  them  find  their  way  into  the  lymphatics,  and 
thus  leave  the  tissue  ;  but  in  the  tadpole's  tail  they 

,      ,       ,  11  1         T    1  ,  •  Fig.  53.  Connective  tissue 

shoot  out  processes,  and  become  branched  connective  corpuscles  from  stn 
tissue  corpuscles  (Fig.  14),     "^^  --n- 


The  wandering  cells  human  choroid. 


•onia  of 
a,  Cells 


with  pigment ;  b,  Colourless 
cells.    X  350.  (Kiilliker.) 


not  so  numerous  as  the  ordinary  fixed  connective 
tissue  corpuscles. 

3.  The  coarsely-granular  corpuscles  are,  in  most  situations,  few  in  number  compared 
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with  tlie  other  cells  of  connective  tissue.  They  (Fig.  51,  d)  consist  of  a  nucleated  mass 
of  coai'.sely-grauular  protoplasm,  three  or  four  times  the  size  of 
the  wandering  cells ;  usually,  however,  there  is  no  amoeboid 
movement ;  but  in  the  delicate  intermuscular  fascia  of  the  frog's 
leg  they  may  be  seen  to  slowly  change  their  form  (Kiihue). 
They  have  no  distinct  piocesses,  and  are  usually  more  or  less 
rounded  in  shape.  In  ordinary  areolar  tissue  they  may  be  found 
in  small  number,  usually  in  gioups  around  the  blood-vessels. 
Fat  sometimes  appears  within  them,  and  they  become  trans- 
formed into  fat  cells.  Waldeyer  (0^.  18,  xi.  p.  190)  proposes  to 
designate  these  cells  the  "  embryonal  cells  of  connective  tissue," 
or  "plasma  cells;"  but  both  terms  are  objectionable,  because, 
as  he  himself  points  out,  they  may  be , developed  from  oi'dinary 
connective  tissue  cells:  and  certainly  the  term  "plasma"  is  too 
ambiguous.  Boll  {Op.  18,  vii.  p.  322)  pointed  out  the  similarity 
between  these  cells  and  the  so-called  "interstitial"  cells  of  the 
testis ;  and  Waldeyer  cit.)  refers  to  the  same  category  other 
peculiar  groups  of  cells,  whose  histological  significance  has 
hitherto  been  obscure  —  viz.  the  cells  of  the  coccygeal  body 

(Fig.  5i),  corpus  luteum,  suprarenal  capsule,  and  the  serotinal  ^.j^^ 
cells  of  the  placenta.    Waldeyer  states  that  in  all  these  situa-       '^'^  .'       i  ^  capil- 

tions  the  cells  are  developed  from  ordinary  connective  tissue  „   f,-,,!  i i'„o,,„ 

1          11                1       ii    1  1     1          1    /T71-             mi  lary ;  fi,  connective  tissue 

corpuscles,  and  always  envelope  the  blood-vessels  (Fig.  54).   The  g,,4tl.  •  h  coarsely-gian- 

fuuctions,  if  any,  of  the  cells  in  these  organs  are  unlcuowu.  ^.^^^  ^^[-^  '  (E|,erUi ) 


2.  Arrangement  of  the  Elements  of  ordinary  Connective  Tissue. 

The  fibres  of  ordinary  connective  tissue  may  be  arranged  loosely, 
as  in  areolar  tissue ;  or  compactly,  as  in  tendon,  aponeurosis,  cornea, 
etc. 

a.  Thk  Areolar  Form  of  Fibrous  Tissue. — The  areolar  is  the 
most  common  form  of  connective  tissue,  and  occurs  in  the  deep  layer 
of  the  .skin,  and  in  many  other  parts.  The  fibres  are  arranged  in 
an  irregular  open  network,  the  white  being  much  more  numerous  than 
the  elastic  fibres.  Sometimes  an  elastic  fibre  appears  to  lie  within 
a  white  fibre  (Key  and  Ketzius,  Op.  52,  i.  plate  14,  fig.  12),  but  this 
is  rare.  Almost  always  they  run  irregularly  in  the  spaces  between 
the  white  fibres.  The  irregular  spaces  between  the  fibres  are  filled  with 
lymph  (lymph  spaces),  and  by  a  free  intercommunication  allow  of  a  ready 
percolation  of  the  lymph  from  one  part  to  another.  The  effect  of  this  is 
seen  in  dropsy,  wliere  the  lymph  drains  through  the  areolar  tissue  to  the 
most  dependent  part ;  and  also  in  cutaneous  emphysema,  when  the  lymph 
spaces  become  distended  with  air,  which  freely  moves  from  one  part  to 
another.  Normally,  the  lymph  spaces  are  in  a  collapsed  state.  The 
amoeboid  cells  wander  about  in  them.  The  ordinary  connective  tissue 
corpuscles  ai-e  also  within  them,  but  not  lying  loose  as  they  appear  after 
dislocation  by  artificial  means,  but  in  contact  with  and  dasimig  the  white 
fibres  as  shown  by  Eanvier  {Op.  39,  p.  342).  They  may  clasp  and  partly 
or  completely  surround  a  single  fibre,  or  a  bundle  of  fibres.  In  some 
situations,  e.g.  in  the  omentum  and  in  the  subarachnoid  space,  they  are 
epithelioid  in  shape,  and  by  the  apposition  of  their  margins  form  a  com- 
plete envelope  to  a  single  fibre,  as  seen  in  the  tissue  of  the  subarachnoid 
space  (Key  and  Retzius,  Op.  cit),  or  to  bundles  of  fibres,  as  occurs  in  the 

^  A  description  of  the  coccygeal  body  by  Eberth  may  be  found  in  0]).  38,  i.  p.  295. 
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omentum  (Fig.  55),  but  in  ordinary  areolar  tissue  the  cells  are  detached, 
and  as  simple  plates  with  jn-ocesses  clasp  the  fibres,  or  as  compound  plates 
are  in  contact  M'itli  a  number  of  fibres.  This  arrangement,  however,  is 
most  common  in  compact  fibrous  tissue,  where  the  fibres  are,  as  it  wen;, 
pressed  against  the  cells.  As  the  lymph  spaces  between  the  fibres  contain 
the  cells,  they  are  sometimes  spoken  of  as  cell-spaces.  The  coarsely- 
granular  cells  occm-  here  and  there  in  areolar  tissue,  sometimes  singly,  but 
mostly  in  groups  around  blood-vessels. 

Tlie  omentum  consists  of  areolar  tissue,  and  is  of  special  interest  on 

account  of  its  cells.  In  a  full-grown 
animal  the  membrane  is  cribriform 
(Fig.  55),  and  the  spaces  are  filled 
with  lymph  contained  within  the 
cavity  of  the  peritoneum,  of  which 
the  omentum  is  an  extension.  Its 
trabecule  are  bundles  of  connective 
tissue  fibres,  mostly  white,  and  are 
enveloped  in  endothelial  plates,  whose 
outlines  may  be  rendered  evident  by 
the  silver  process.  The  larger  plates 
are  nucleated.  Amidst  the  fibrous 
bundles  there  lie  ordinary  branched 
connective  tissue  corpuscles  (c),  that 
are  spindle-shaped  Avhen  seen  in  pro- 
file, but  are  in  reality  lamelliform. 

A  serous  membrane  everywhere 
consists  of  fibrous  connective  tissue, 
covered  with  a  layer  of  endothelial 
cells.  But  these,  as  their  develop- 
ment shows,  are  only  modified  con- 
nective tissue  corpuscles.  The  lymph 
spaces  in  ordinary  areolar  tissue  are  serous  cavities  in  miniature;  the  con- 
nective tissue  corpuscles,  though  clasping  the  fibres,  not  however,  in  general, 
forming  a  continuous  covering. 

h.  The  Compact  Form  of  Fibrous  Tissue. — Tendon  chiefly  consists 
of  white  fibrous  tissue,  with  some  elastic  tissue  intermingled.  The  fibrous 
bundles  mostly  run  longitudinally,  closely  packed  together  with  small 
intervening  cell  spaces.  After  the  action  of  a  ten  per  cent  solution  of 
NaCl,  the  fibrils  and  cells  may  be  isolated  by  teasing  witli  needles.  The 
cells  are  mostly  fusiform,  but  in  reality  all  of  them  are  flat ;  if  unstained 
they  are  difficult  to  detect  except  when  seen  edgewise,  when  they  appear 
fusiform  owing  to  the  bulging  nucleus. 

In  a  vertical  section  of  tendon  hardened  in  alcohol  or  picric  acid,  and 
stained  with  carmine,  rows  of  spindle-shaped  cells  are  seen  placed  longi- 
tudinally (A,  Fig.  57).  The  arrangement  of  the  cells  may  be,  however, 
most  easily  studied  in  the  fine  tendons  in  the  tail  of  a  rat  (Eanvier).  The 
tendons  are  stained  with  gold  chloride,  and  rendered  transparent  by  acetic 
acid.    The  gold  salt  stains  the  cells  of  a  violet  colour,  whilst  the  acetic 


Kig.  65.  Omentmii  of  cat,  drawn  after  st«iniii(; 
with  silver  nitrate  and  logwood.  /,  Trabeeulic  of 
lllirous  tissue ;  c,  ordinary  connective  tissue  cor- 
puscle ;  c,  iirolUe  ;  <f,  superllcial  view  of  nuclei  of 
endothelial  cells ;  c",  silvered  outlines  of  the  cells. 
X  300. 
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acid,  in  addition  to  facilitating  the  reduction  of  the  gold  salt,  renders  the 
fibres  so  transparent  that  the  stained  cells  can  be  seen  (B).    On  separat- 


Fig.  56.  Human  tendon  teased  with  needles,  showing  fibrils  and  cells.  (Rollett.) 

ing  the  fibres  with  needles,  the  cells  are  seen  to  be  somewhat  quadrangular 
plates  {a),  clasping  the  fibrous  hundks  (as  Griinhagen  first  indicated.  Op.  18, 
ix.  p.  282),  and  extending  about  half-way  round  them  (Boll).  The  mar- 
gins of  the  cells  are  said  by  Griinhagen  to  be  continued  into  very  slender 
filamentous  processes.    The  cells  are  mostly  in  pairs,  the  nuclei  of  each 


Fig.  57.  A,  Vertical  section  of  tendoii  of  rabl>it,  hardened  in  chromic  acid  and  examined  in  glycerin. 
B,  Tendon  from  tail  of  rat  .stained  witli  gold  chloride,  a,  Row  of  cells  showing  stripe ;  a',  a  librous 
bnndle  isolated  by  teasing,  .showing  the  cells  clasping  the  bundle.  C,  Endothelial  covering  of  tendon 
silvered.    X  300. 

pair  being  close  to  the  contiguous  borders  of  the  cells,  as  if  the  pair  had 
resulted  from  cleavage.  A  bright  stripe,  termed  by  Boll  {Op.  18,  vii.  p. 
276)  the  "  ela.stic  stripe,"  from  its  resemblance  to  an  elastic  fibre,  may 
sometimes  be  seen  running  lengthwise  in  a  row  of  cells  {a)  ;  sometimes 
there  is  more  than  one  stripe.  According  to  Ranvier  (Oj;.  39,  p.  352), 
Boll's  stripes  are  ridges  due  to  creases  in  the  cells.  Externally  the  tendon 
is  enveloped  by  a  layer  of  endothelium  (C). 
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Ill  a  transverse  section  of  tendon  (A,  Fig.  58),  the  longitudinal  bun- 
dles (i)  are  seen  to  be  enclosed  in  a 
fibrous  sheath  (a),  that  sends  in 
branching  trabecule  (t),  which  divide 
the  tendon  into  a  number  of  com- 
partments each  filled  with  the  longi- 
tudinal bundles.  These  may  be  termed 
the  secondary  longitudinal  bundles. 
They  in  turn  consist  of  primary  bun- 
dles of  fibres,  more  or  less  rounded 
,  ^   ,     and  pressed  tosrether,  with  branching 

Fig.  58.  Triinsverae  section  of  slieop  s  tendon.  .  /7\  n     i  •  i  i  • 

A,   X  M.    a,  Fibrous  sheath;   t,  tiabecute ;  UlterSpaCCS  (6),  SOme  of  whlch  COUtaiU 

b,  longitudinal  bundles,   with  branching    cell  the  teudou  Cclls  (B,  Fig.  58,  c),  wllile 

spaces.    B  X  300    c.  Cell;  c,  divided  longitu-  ^^^^^^  ^.^  ^^^^^^^^  nothing  but 

dinal  bundle ;  il,  clastic  libres.  i  i 

lymph. 

Waldeyer  {0/>.  18,  xi.  176)  iiiaiiitiiins  that  the  usual  fonii  of  the  teudon  cell  is  that 
of  a  coinpouiul  plate,  with  one  priucijial  plate  holding  tlie  nucleus,  and  small  secoudaiy 
plates  attached  to  this  at  various  angles,  and  extending  between  tlio  libres.  The  ap- 
])earaiices  of  a  transverse  section  favour  this  idea,  but  one  must  guard  against  the 
iallacious  appearance  due  to  the  branching  lymph  space  in  which  the  cells  lie. 

The  central  tendon  of  tlie  diaphnujm  is  another  example  of  compact 
fibrous  tissue  in  which  the  relation  of  the  cells  to  the  fibrous  bundles 
and  to  the  cell  spaces  may  be  conveniently  studied.    If  the  endothelium 


Fig.  59.  Central  tendon  of  diaphragm 
of  rabbit  silvered  after  removal  of 
sjrous  covering.  /,  Fibres  ;  c,  cell 
spaces  with  corpuscles  ;  I,  lymphatic, 
■with  silvered  outlines  of  its  endothelial 
wall.    X  300. 


Fig.  CO.  Superficial  \iew  of  cornea  of  frog,  silvered 
after  removal  of  anterior  epithelium.  The  cell  spaces 
and  cell  nuclei  are  seen  iu  the  darkened  fibrous 
matrix,    x  300. 


covering  the  membrane  be  brushed  away,  and  the  subjacent  tissue  silvered, 
the  fibres  (Fig.  59,  /)  and  interstitial  cement-substance  are  darkened, 
while  the  cell  spaces  remain  clear,  with  the  connective  tissue  corpuscles 
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(c)  within  them  shghtly  darkened  by  the  silver.  The  cell  spaces  are 
sometimes  quadrangular,  but  usually  they  are  irregular  and  branched, 
anastomosing  one  Avith  another,  and  also  opening  into  the  lymph  capillaries 
(/),  so  that  the  lymph  can  readily  percolate  through  the  lymph  spaces  and 
flow  away  by  the  lymphatics.  The  cells  are  flattened,  and,  after  treat- 
ment with  silver  at  any  rate,  rarely  fill  the  whole  cell-space. 


Fig.  61.  Fixed  corneal  corpuscles  of  frog  after  staining  with  gold  chloride,  a,  Seen  from  tlie  surface ; 
h,  seen  in  vertical  section  at  right  angles  to  the  surface.  (RoUett.) 

2'he  cornea  consists  of  compact  fibrous  tissue,  and  has  points  of  special 
interest.  The  fibres  resemble  those  of  white  fibrous  tissue,  but  instead  of 
being  pearly  and  opaque  in  mass  they  are  perfectly  transparent.  They 
differ  also  in  chemical  composition,  for  on  boiling  they  yield  chondrin 
instead  of  gelatin.  The  fibres  are  mostly  arranged  in  layers  placed  one 
in  front  of  the  other,  with  flattened,  branching  cell  spaces  and  cells 
between  them.    The  cell  spaces  are  sharply  defined  by  the  silver  nitrate 
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after  removal  of  the  epithelium  from  the  corneal  surface  (Fig.  60).  They 
are  branched,  and  freely  anastomose.  The  nuclei  of  the  cells  may  be  seen 
after  silvering.  The  method,  however,  is  not  suitable  fir  revealing  the  proto- 
plasm. But  the  method  of  staining  with  chloride  of  gold  brings  the  branching 
network  of  cells,  with  their  relatively  large  nuclei,  completely  into  view 
(Fig.  61,  rt).  When  the  cornea  thus  stained  is  sliced  vertically  at  right 
angles  to  its  surface,  it  is  seen  that  the  cells  are  flattened  between  the  fibrous 
bundles  (b).  In  addition  to  these,  the  fixed  or  proper  corneal  corpuscles, 
wandering  cells  occur  here  and  there  in  the  cell  spaces.  They  probably 
come  from  the  blood-vessels  at  the  margin  of  the  cornea  ;  at  all  events  it 
is  certain  that  when  the  cornea  is  irritated  white  blood-corpuscles  do  migrate 
from  the  blood-vessels  at  the  pei'iphery  into  the  interior  of  the  cornea. 

Development  or  White  Finiiou.s  and  Elastic  Tissue. — All  the  forms  of  connect- 
ive tissue  are  developed  from  tlie  mcsoblast,  and,  as  already  stated,  inucoiis  tissue  is 
tlie  predecessor  of  ordinary  connective  tissue.  The  first  indication  of  its  transformatiou 
into  ordinary  connective  tissue  is  indicated  by  the  appearance  of  white  fibres  in  the  jelly- 
like luatrLx,  distinct  from  the  cells  (Kanvier),  but  often  lying  very  close  to  them.  As  age 
advances  the  cells  multiply  in  number,  in  a  manner  not  fully  ascertained  ;  judging  from 
what  may  be  seen  in  the  tail  of  the  tadpole  (Fig.  14),  very  many  of  the  colls  are  emi- 
grated white  blood-corpuscles.    Schwann  stated  that  the  connective  tissue  cells  arc  at 

first  rounded  (Fig.  62,  a).    They  become  elon- 
gated (a'  «"),  and  the  cell  envelope  splits  into  a 
bundle  of  fibrils  («"').    Beale  showed  that  there 
is  no  envelope,  and  maintained  that  the  outer 
part  of  the  iirotojilasm  is  changed  into  a  ' '  formed 
material,"  which  becomes  a  bundle  orwhiteflbrils. 
But  without  denying  the  possibility  of  this,  we 
must  admit,  with  Ranvier  {Ojk  39,  p.  410),  that 
we  have  entirely  failed  to  find  any  certain  evi- 
I'Mg.G'i.  (Ki'o",  EloiiBatiiig  culls  (rtciiwaiiii).   dence  of  it.    But  it  is  very  easy  to  find  appeav- 
a'".  Cell  with  a  white  llljie :  h,  cell  with  elas-  nnces  that  at  first  sight  seem  to  support  Bealc's 
tic  fibre  (Boale).  X  400.  view.    The  real  mode  of  development  appears  to 

be  thus  :  A  periplast  is  produced  l)y  the  cell  mostly  on  only  one  of  its  llattened  surfaces. 
The  periplast  elongates,  jirobably  by  an  interstitial  growth,  like  the  periplast  of  a  Trades- 
cautia  cell  (Fig.  5),  and  eventually  becomes  a  white  (ibre  ;  but  the  flattened  cell, 
although  it  may  ajjiicar  continuous  with  the  substance  of  the  fibre,  is  in  reality  separable 
(Fig.  63,  c),  and  when  isolated  it  is  easy  to  see  how  its  thin  wings  are  invisible  on  the 
fibre,  which  therefore  looks  as  if  it  were  a  continuation  of  the  body  of  the  cell.  Accord- 
ing to  this  view,  therefore,  the  white  fibi'cs  are  just  as  little  a  direct  transformation  of 
the  cell  substance  here  as  in  white  fibro-cartilage  and  hyaline  cartilage.    The  cell  remains 

as  a  branched  or  as  an  epithelioid  connective 
tissue  coi'puscle. 

With  regard  to  the  development  of  the  elastic 
fibres,  there  has  been  much  difference  of  opinion. 
According  to  Bonders  {Op.  53,  iii.  i).  354), 
Virchow,  and  Beale  {Op.  54,  p.  202),  elastic 
fibres  are  transformations  of  the  processes  of 
connective  tissue  corpuscles  (Fig.  62,  b).  But 
although  these  corpuscles  may  sometimes^  be 
seen  in  contact  with  the  fibres,  we  have  failed 
to  trace  any  continuity  between  them,  and 
therefore  agi'ee  with  Mii'Uer  {Op.  51,  x.  p.  132) 
ill  believing  that,  as  in  hyaline  cartilage  (Fig. 
45),  they  are  produced  in  the  liyaUne  matrix  in- 
dependently of  cells,  so  hero  they  result  from  the 
coalescence  of  particles  of  elastin  between  the 
Fig.      Young  white  fibrous  tissue  from  \y]iite  fibres,  probably  in  the  jelly-like  periplast 
amnion  of  chick,    a,  ribres,  with  numer-   (,f  the  original  mucous  tissue.  Sometimes, 
0U3  cells  in  close  apposition  ;  b,  fibre  with   ti,ough  rarely,  elastic  fibres  are  produced  in  the 
cell,  c,  isolated  by  teasing.   X  400.  substance  of  a  white  fibre.     The  white  fibres 

and  the  clastic  fibres  and  membranes  are,  therefore,  to  be  regarded  as  periplasts. 
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Vessels  and  Nerves  of  Connective  Tissue. — The  cornea  is  devoid 
of  blood-vessels,  save  its  very  margin.  In  tendon  and  ligament  they 
are  few  in  number.  Areolar  tissue  contains  a  considerable  number  in  the 
neighbourhood  of  fat-cells,  or  passing  through  it  on  their  way  to  adjacent 
parts,  but  there  are  only  a  few  capillaries  for  the  tissue  itself.  Nor  need 
this  be  wondered  at,  considering  that  the  function  of  the  tissue  immediately 
depends  on  its  passive  mechanical  properties.  The  great  mass  of  con- 
nective tissue  is  nourished  not  by  pabulum  obtained  directly  from  the 
blood,  but  from  the  lymph, — which,  as  it  percolates  through  the  lymph- 
spaces,  bathes  the  tissue-elements  and  flows  away  by  the  lymphatics. 

In  the  cornea,  lymphatic  vessels  occur  in  considerable  number,  and 
they  are  numerous  in  tendon  and  aponeurosis  (Ludwig  and  Schweigger- 
Seidel,  Ojh  55).  In  the  central  tendon  of  the  diaphragm  it  can  be  clearly 
seen  that  they  open  into  the  lymph-spaces  (cell-spaces)  of  the  tissue  (Fig. 
59),  and  it  is  probable  that  such  a  communication  exists  generally  through- 
out connective  tissue,  so  that  the  lymph-spaces  are,  as  it  were,  lymph- 
sinuses  between  the  blood-vessels  and  the  lymphatics.  The  great  serous 
cavities,  e.g.  the  pleura  and  peritoneum,  are,  as  it  were,  merely  some  of  the 
lymph-spaces  of  connective  tissue  enlarged  for  special  purposes,  and  lined 
by  a  nearly  continuous  layer  of  endothelial  plates,  that  are  merely  modified 
connective  tissue  corpuscles.  There  is  a  direct  communication  between 
these  cavities  and  lymphatic  vessels.  It  is  difficult  to  know  whether  the 
connective  tissue  cells  partially  or  completely  fill  the  lymph  spaces.  Pro- 
bably, in  areolar  tissue  at  all  events,  the  spaces  are  only  partly  filled  by 
the  cells,  so  that  the  spaces  are  easily  capable  of  distension,  as  in  oedema 
and  emphysema. 

Tendon  and  ligament  are  in  their  normal  states  devoid  of  sensibility, 
but  become  extremely  painful  when  inflamed.  No  nerves  have,  however, 
been  traced  into  them.  In  the  cornea  there  are  numerous  plexuses  of 
nerve-fibres  throughout  its  substance.  Many  of  the  nerves  are  destined 
for  the  highly  sensitive  antei-ior  corneal  surface,  but  whether  or  not  all 
are  so  destined  is  unknown,  but  from  the  richness  of  the  plexuses  between 
the  layers  of  connective  tissue  it  is  difficult  to  believe  that  some  of  the 
nerves  are  not  intended  for  the  connective  tissue  itself.  Nerve-fibres  are 
found  in  areolar  tissue  and  in  aponeuroses,  but  whether  they  are  intended 
for  the  connective  tissue  itself  or  for  adjacent  structures  is  doubtful. 

Irritation  of  Connective  Tissue.— Although  it  is  not  the  province 
of  this  work  to  teach  pathology,  nevertheless  a  passing  allusion  sometimes 
requires  to  be  made  to  pathological  events.  The  account  already  given 
(p.  79)  of  the  multiplication  of  cells  consequent  upon  the  irritation  of 
cartilage  naturally  leads  one  to  expect  that  the  cells  of  ordinary  connective 
tissue  behave  similarly  when  irritated.  But  the  case  of  ordinary  con- 
nective tissue  is  complicated  by  the  fact  that,  during  irritation,  blood- 
leucocytes  emigrate  from  the  vessels,  gather  in  numbers  amidst  the  con- 
nective tissue  corpuscles,  and  obscure  the  changes  which  the  latter  under- 
go. Even  in  the  non-vascular  cornea  this  holds  true.  But  although 
Cohnheim's  discoveries  regarding  the  production  of  pus-corpuscles  by  the 
immigration  of  blood-leucocytes  into  inflamed  parts  seemed  for  a  time  to 
upset  Virchow's  doctrine  of  their  development  from  connective  tissue 
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corpuscles,  the  truth  probably  lies  between  the  two — the  pus-corpuscles 
originating  in  both  Avays.  When  the  cornea  of  the  frog  is  irritated  witli 
caustic,  the  nuclei  of  its  fixed  cells  proliferate  and  give  rise  to  groups  of 
corpuscles  that  seem  to  be  those  of  pus  (Hoffmann,  Oj).  19,  xlii.  p.  204; 
Norris  and  Strieker,  Op.  56,  year  1870,  p.  1).  Also  in  areolar  tissue, 
when  irritated  by  the  injection  of  silver  nitrate  solution  (1  :  300),  its  flat 
cells  become  in  a  few  hours  swollen,  and  their  nuclei  proliferate  (Ranvier, 
0]).  39,  p.  427).  The  same  thing  happens  in  tendon,  and  it  should  not  be 
doubted  that  pus-cells  result  from  the  proliferation.  But  the  point  we 
are  aiming  at  is  not  the  origin  of  pus-corpuscles,  but  this,  that  the  fixed 
connective  tissiie  corpuscle,  after  it  has  become  flattened  like  an  endothelial 
scale,  and  after  its  periphery  has  become,  as  often  happens,  a  transparent 
plate,  and  the  whole  corpuscle  betrays  no  evidence  of  germinal  power,  it, 
under  peculiar  conditions,  swells,  acquires  a  germinal  character,  and  multi- 
plies. The  endothelial  scales  of  serous  membranes  can  behave  in  a  similar 
manner  when  irritated.  Connective  tissue  plays  a  prominent  part  in  many 
pathological  conditions. 

Bone. 

The  most  striking  feature  of  bone  is  its  hardness.  This  property 
renders  it  serviceable  for  protecting  delicate  organs,  such  as  those  in  the 
cranial  and  spinal  cavities,  for  supporting  the  limbs  and  trunk,  and  for 
acting  as  levers  for  muscular  movements.  On  examining  a  long  bone, 
such  as  a  rib,  it  is  easy  to  convince  oneself  that,  although  hard,  it  is  not 
brittle,  but  tough  and  elastic.  Its  hardness  is  due  to  calcareous  matter, 
its  toughness  to  fibrous  tissue,  with  which  the  calcareous  matter  is  inti- 
mately united.  If  the  fibrous  tissue  be  destroyed  by  ignition,  the  bone 
preserves  its  shape  unchanged ;  its  hardness  remains,  but  instead  of  being 
tough  the  bone  becomes  brittle  and  friable,  so  that  under  pressure  it 
crumbles  to  poAvder.  On  the  other  hand,  if  the  calcareous  matter  be 
removed  by  maceration  in  dilute  hydrochloric  or  nitric  acid,  the  bone 
retains  its  general  configuration  unaltered,  but  it  becomes  so  pliable  that 
it  may  be  bent  in  any  direction,  sliced  with  a  knife,  or  torn  into  shreds. 

Sirmture. 

Wlien  such  a  bone  as  a  rib  is  sawn  across,  it  is  seen  that  towards  the 
surface  the  bone  is  dense  or  compact,  while  in  the  centre  it  is  spongy  or 
cancellated.  The  dense  merges  gradually  into  the  spongy  bone,  and  the 
spaces  in  the  latter  are  filled  with  marrow.  Towards  the  interior  of  all 
bones  the  osseous  texture  is  cancellated.  Externally  it  is  compact,  except 
at  the  joints,  where  the  spongy  bone  merges  into  an  encrusting  layer  of 
cartilage,  which,  as  it  were,  takes  the  place  of  dense  bone.  In  the  long 
bones  of  the  limbs  there  is  in  the  shaft  a  large  irregular  space  in  the  can- 
cellated bone  termed  the  medullary  canal.  In  a  vertical  section  of  such  a 
bone  as  the  femur  it  may  be  observed  that  in  the  shaft,  where  the 
leverage  strain  is  greatest,  the  compact  bone  forms  a  much  thicker  layer 
than  at  the  extremities,  where  it  becomes  gradually  thinner,  until  it  ceases 
at  the  margin  of  the  encrusting  cartilage.  Towards  the  articular  ends  the 
bone  is  therefore  almost  entirely  spongy.  The  general  arrangement  of  the 
compact  and  the  spongy  osseous  texture  is  calculated  to  combine  strength 
with  lightness.    The  tubular  character  of  the  shaft  of  a  long  bone  enables 
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it  to  resist  a  gi'eater  lateral  strain  than  could  be  borne  by  the  same 
quantity  of  osseous  matter  arranged  as  a  solid  rod. 

Essential  Elements  of  Osseous  Tissue. — Osseous  tissue  essentially 
consists  of  nucleated  protoplasts  imbedded  in  a  periplast  chiefly  composed 
of  a  calcified  fibrous  tissue.  The  cell-spaces  in  which  the  protoplasts  are 
lodged  are  termed  lacunce.  To 
ascertain  the  nature  and  the 
relations  of  these  elements,  it 
is  necessai-y  to  study  sections 
of  unsoftened  bone,  made  with 
a  saw,  and  then  ground  suffici- 
ently thin  upon  a  stone, — and 
of  bone  decalcified,  e.g.  by  a 
dilute  solution  of  chromic  and 
niti'ic  acids. 

The  lacunce  may  be  most 
readily  seen  in  thin  dried  sections 
of  unsoftened  bone,  e.g.  in  a  trans- 
verse section  of  the  compact 
osseous  tissue  of  a  long  bone 
(Fig.  64).  In  dried  bone  they 
have  a  black  appearance,  and 
are  on  that  account  readily  re- 
cognisable. Like  the  cell-sj^aces 
of  the  cornea,  they  are  flattened. 


Fig.  64.  Transverse  section  of  the  compact  tissue  of  a 
long  bone,  unsoftened.  I,  lacunK  ;  c,  canaliculi ;  h,  Haver 
sian  canal ;  h\  Haversian  canal  cut  obliquely.    X  00. 

When  seen  in  section,  they  are  ellipti- 
cal (e),  and  the  length  of  their  greatest  diameter  is  about  1 4  />(.  (xs-W  inch). 


Fig.  05.    Lacuna;  and  canaliculi  of  unsoftenodbone.    X  SOO.  (Rollett.) 

Neighbouring  lacunse  are  connected  by  a  system  of  fine,  somewhat  tortuous, 
branching  canals  (Fig.  65) — the  canaliculi — that  penetrate  the  calcified 
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Fig.  66.  Transverse 
section  of  eouipnet  hone 
f  fenuii',  decalcified,  a, 
Bone-Gorpiiscle  ;   I,  la- 
mella!.   X  400. 


Fig.  67.  Bone  cor- 
pnsclc  with  its  branch- 
ing envelope  partially 
isolated  from  the  sur- 
rounding matrix.  (Frey.) 


fibrous  matrix,  and  probably  serve  as  lymph  channels  for  tli<!  irrigation  of 
the  nucleated  protoplasts  in  the  lacunes,  and  tlie  osseous  matrix  (Vircliow). 

The  BoneCorpusdes  are  nucleated 
protoplasts,  and  are  most  readily 
seen  in  softened  bone  (Fig.  66,  «). 
They  have  no  processes  extending 
into  the  canaliculi,  but  are  confined 
to  the  lacunte  (Beale) ;  in  this  respect, 
therefore,  they  notably  difi'er  from 
the  fixed  coriDuscles  of  the  corneal 
connective  tissue  (Fig.  61). 

The  Bom  Feriplast  appears  to  be 
of  a  twofold  nature.  1 .  A  thin  mem- 
brane lines  the  lacunae  and  canaliculi,  and  may  bo  isolated  from  the  sur- 
rounding fibrous  periplast  by  dissecting  a  slice  of  decalcified  bone  with 
needles  (Donders,  Virchow,  Op.  51,  year  1850,  p.  193).  The  appearances  of 
unsoftened  bone  suggest  that  this  membrane  is  calcified.  2.  The  great 
mass  of  the  osseous  periplast  or  matrix  is  a  calcified  fibrous  tissue  arranged 
in  lamellas  superimposed  like  the  leaves  of  a  book  (Fig.  66,  /).  They  are 
most  readily  seen  in  softened,  but  are  also  discernible  in  unsoftened  bone. 
The  lamellfe  can  be  readily  torn  from  the  surface  of  a  softened  long  bone. 
Sharpey,  Avho  discovered  them,  describes  a  lamella  (O^j.  57,  8th  ed.  p.  86) 
as  consisting  of  a  fine  reticulum  of  transparent  fibres.  "  Tiie  fibres  inter- 
sect obliquely,  and  they  seem  to  coalesce  at  the  points  of 
intersection,  for  they  cannot  be  teased  out  from  one 
another ;  but.  at  the  torn  edge  of  the  lamella  they  may 
often  be  seen  to  separate  for  a  little  way,  standing  out  like 
the  threads  of  a  fringe "  (Fig.  68).  In  some  places  the 
fibro-reticular  structure  is  less  decidedly  marked,  as  if  the 
fibrillations  were  incompletely  developed.  Minute  aper- 
tures, appai'ently  canaliculi  torn  across,  occur  at  short  inter- 
vals in  the  lamellae  (c),  and  in  some  there  are  aper- 
tures of  considerable  size,  which  constitute  the  sockets  of 
ameiia  the  perforating  fibres  of  Sliarpey  (s).  The  lamellfe  consist 
of  gelatigenous  tissue;  the  fibres  swelling  up  in  acetic  acid 
and  yielding  gelatine  on  boiling. 

When  the  lamellaj  are  cut  transversely,  e.g.  in  a  trans- 
verse section  of  a  long  bone,  they  may  be  readily  recognised 
with  a  power  of  300  diam.,  whether  the  bone  be  softened  or  unsoftened. 
In  the  unsoftened  bone  tliey  have  the  appearance  of  thin  homogeneous 
clear  bands  alternating  with  layers  of  a  gfanular-looking  substance.  The 
granular  appearance  of  the  latter  is  due  to  fine  bridges  of  clear  tissue  that 
connect  adjacent  lamellre.  The  spaces  between  these  bridges  are  filled 
with  an  interstitial  substance,  whose  contours,  mapped  by  the  lamellae  and 
their  connecting  bridges,  give  rise  to  the  granular  appearance.  In  decal- 
cified bone  the  lamellae  and  their  connecting  bridges  stand  out  more 
clearly  from  the  interstitial  substance  (Fig.  66).  The  interstitial  substance, 
and  probably  also  the  lamellae,  are  impregnated  with  calcareous  matter. 
After  partial  decalcification  it  may  be  seen  in  the  form  of  granules,  in  the 


Pig.  fls.  r. 

torn  IVom  a  decalui 
lied  lionc.  c,  Canal- 
iculi torn  across  ;  s, 
socket  of  a  perforat- 
ing fibre.    X  400. 
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clearly  from  tlio  interstitial  substance  (Fig.  66).  The  interstitial  substance, 
and  probably  also  the  lamelte,  is  impregnated  with  calcareous  matter. 
After  partial  decalcification  it  may  be  seen  in  the  form  of  granules,  in  the 
interstitial  matter  at  all  events.  The  lacunse  occur  between  the  lamellae 
at  varying  intervals  ;  from  two  to  five  lamellae  usually  intervening 
between  neighbouring  lacunes. 

The  above  are  the  essential  structural  elements  of  fully-formed  osseous 
tissue.  Canals  for  blood-vessels  are  only  found  in  thick  layers  of  the 
tissue,  and  Sharpey's  fibres,  that  perforate  the  lamellae  in  many  situations, 
are  not  found  everywhere.    A  description  of  them  is  therefore  postponed. 

Arrangements  of  Tissues  found  in  an  Adult  Bone. — Fig.  69 
represents  a  transverse  section  through  one  side  of  a  long  bone  deprived 
of  its  periosteum,  marrow,  and  mineral  matter.  In  the  compact  hone  (A) 
there  are  sections  of  canals  for  blood-vessels,  termed  Haversian  canals  (c), 
after  their  discoverer  Havers.  There  are  also  sections  of  cavities  larger 
than  the  Haversian  canals,  named  Haversian  spaces  (e).  These  spaces  are 
most  numerous  when  the  bone 
is  young  and  rapidly  growing, 
but  even  in  adult  bone  they 
occur  here  and  there  (Tomes 
and  De  Morgan,  Op.  3,  year 
1853).  Both  the  Haversian 
canals  and  spaces  contain 
blood-vessels,  connective  and 
other  tissues,  prolonged  in- 
wards from  the  periosteum. 
Around  each  Haversian  canal 
the  lamellae  and  lacunae  are 
arranged  concentrically  :  the 
whole  being  the  transverse  sec- 
tion of  an  osseous  cylinder 
termed  a  Haversian  system  (5). 
The  concentric  arrangement  of 
the  lacunae  and  lamellae  in  this 
system  is  due  to  the  fact  that 
they  are  successively  deposited 
from  without  inwards,  in  the 
Haversian-  spaces,  which  thus 
become  narrowed  into  canals. 
The  Haversian  systems  are  of 
various  shapes,  according  to 
which  they  are  formed.  The 
freely  anastomosing  network 


Fig.  69.  Transverse  section  of  decalcified  femur  of  cat. 
A,  dense,  B,  spongy  bone ;  c.  Haversian  canal ;  a,  peri- 
piieric,  6,  Haversian,  d,  intermediate  lamellEe.  Tlae  can- 
cellous lamellae  are  seen  aroiind  tlie  cancelli.  e,  Haversian 
space.    X  60. 


the  outline  of  the  Haversian  spaces  in 
canaliculi  of  a  Haversian  system  form  a 
of  lymph  channels  within  the  system. 
Internally,  they  open  into  the  Haversian  canal,  and  at  the  periphery  of 
the  system  some  of  them  anastomose  with  those  of  neighbouring  systems, 
but  most  of  them  bend  back  within  theii"  own  system.  These  are  the 
recurrent  canaliculi  of  Ranvier.  The  osseous  rods  constituted  by  the 
Haversian  systems  mostly  run  in  the  direction  of  greatest  strain ;  thus  in 
long  bones  they  are  usually  vertical,  while  in  flat  bones  their  direction 
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varies  according  to  tlie  requirements.  In  the  spongy  hone  (B)  there  are 
large  spaces  that  contain  marrow — the  cancellous  or  medullary  spaces. 
These  communicate  on  the  one  hand  with  the  medullary  canal,  when  it 
exists,  and  on  the  other  with  the  Haversian  canals. 

The  Icmellce  may  be  divided  into  four  groups — the  Haversian  (h), 
arranged  concentrically  around  the  Haversian  canals ;  the  cancellous, 
similarly  grouped  around  the  medullary  spaces ;  the  peripheric  (a), 
running  parallel  with  the  periosteum  ;  and  the  intermediate  (d),  forming 
irregular  groups  between  the  Haversian  systems.  Most  of  the  inter- 
mediate lamellce  are  segments  of  larger  circles  than  those  in  the  Haversian 
systems,  a  circumstance  which  is  explained  by  the  fact  that  most  of  the 
intermediate  are  remnants  of  peripheric  lamellfe  which  were  produced 
under  the  periosteum  at  an  early  period  in  the  development  of  the  bone, 
and  which  have  been  encroached  on  by  a  process  of  absorption  leading 
to  the  formation  of  Haversian  spaces  in  which  the  lamellse  of  a  Haver- 
sian system  are  afterwards  deposited.  As  will  afterwards  be  explained, 
however,  some  of  the  intermediate  lamellse  are  really  i-emnants  of 
Haversian  systems  which  have  been  only  partially  absorbed  previous  to 
the  formation  of  the  permanent  Haversian  systems.  The  Haversian  and 
cancellous  lamellse  are  both  of  secondary  formation,  and  are  concentrically 
produced  at  the  periphery  of  the  Haversian  and  medullary  spaces. 


Fig.  70.  s,  Slinrjiey's  film  s  Imi  n  i  1  n 
their  sockets  by  separating  tlie  peri- 
pheric InineUie  of  a  softened  femur. 
X  250. 

Shar2)e)js  Fibres. — The  peripheric 
and  intermediate  lamellse  are  pierced 
by  fibres  termed  perforating  or 
Sharpey's  fibres.  They  may  be  recog- 
nised Avith  a  power  of  200  diam.  in 
such  a  section  as  that  under  con- 
sideration (Fig.  69),  but  they  become 
most  evident  when  the  peripheric 
lamellae  are  torn  asunder  with  the 
aid  of  needles,  for  then  the  fibres 
are  pulled  out  of  their  sockets  (Fig. 
70).    Usually,  however,  this  cannot 

be  accomplished  to  any  great  extent,  for  the  fibres  often  form  networks 


Fig.  71. 
long  hone, 
caualicvili. 


-■  .  ,  .in  of  coinpaet  tissue  of  a 
a.  Haversian  canals  ;  b,  lacuna;  ;  c, 
X  100.  (KbUiker.) 
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witliin  the  bone.  Most  of  tliera  are  of  the  nature  of  white  fibrous 
tissue,  whilst  some  are  elastic  (H.  Miiller).  The  latter  may  be  distin- 
guished by  the  circumstance  that  magenta  stains  them  of  a  dark  red 
colour,  whilst  the  white  fibres  are  unaffected  (Schafer,  Op.  8,  xviii.  136). 
Many  of  the  fibres,  but  not  all,  are  calcified.  Sharpey  states  that  they  are 
rarely  found  within  a  Haversian  system  :  but  accoi'ding  to  Ranvier  (Op. 
39,  p.  308)  they  are  never  found  there,  and  occur  only  in  the  peripheric 
and  intermediate  lamellfe — these  being  formed  directly  from  the  perios- 
teum. In  the  opinion  of  Sharpey,  these  fibres  are  merely  a  modification 
of  the  mechanical  structure  of  the  tissue,  and  seem  to  have  no  physiological 
significance.  They  are  best  seen  where  a  tendon  is  attached  to  the  bone, 
and  it  may  be  fairly  assumed  that  they  strengtlien  the  attachment. 

The  appearance  of  a  longitudinal  section  of  the  compact  tissue  of  a  long 
bone  (Fig.  71)  differs  widely  from  one  that  is  transverse.  The  Haversian 
canals  are  seen  running  longitudinally  and  anastomosing  one  with  another. 
On  the  one  hand  these 
canals  open  more  or  less 
obliquely  under  the  peri- 
osteum, from  which  their 
blood-vessels  are  derived, 
and  on  the  other  they 
communicate  with  the 
medullary  spaces  in  the 
spongy  bone. 

The  Periosteum  is 
a  fibrous  membrane  (Fig. 
72),  forming  an  external 
covering  to  the  bones.  It 
may  for  convenience  be 
divided  into  two  layers, 
although  there  is  no 
sharp  line  of  demarca- 
tion between  them :  an 
outer  layer  {a)  composed 
of  numerous  elastic  and 
white  fibres,  mostly  run- 
ning longitudinally ;  and 
an  inner  Imjer  (h)  that  is 
structurally  different  in 
the  young  as  compared 
with  the  adult  state.  In 
tlie  young  growing  bone 
it  consists  of  a  delicate 
fibrous  tissue,  with  nu- 
merous cells  imbedded 
in  the  mesh -work  and 
forming  a  distinct  layer 


Fig.  72.  Transverse  section  of  decalcified  femur  of  kitten  fofir 
days  old;  drawn  after' staining  with  picrocarmiuo.  a,  Outer  layer 
of  periosteum  with  connective  tissue  bundles  cut  transversely  and 
longitudinally ;  b,  inner  hiycr  with  prnlifurating  connective  tissue 
corpuscles  ;  c,  osteoblasts ;  d,  longitudinal,  c,  transverse  section  of 
Haversian  canals ;  /,  osseous  tissue  ;  a,  osteoblasts  lining  cancelli ; 
h,  Tuudullary  colls.  J31ood-vessels  cut  longitudinally  and  transversely 
are  seen  in  the  Haversian  canals  aud  periosteum,  x  400.  (lieducod.) 


upon  the  surface  of  tlie  bone  («).  Those  in  contact  with  the  osseous  tissue, 
being  immediately  concerned  in  its  growth,  were  named  by  Gegenbaur 
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osteoblasts.  As  age  advances  the  inner  layer  of  the  periosteum  becomes 
more  fibrous,  and  the  osteoblasts  fewer  in  number  (Fig.  73).  White 
and  elastic  fibres  pass  from  the  periosteum  into  the  bone,  and  constitute 
the  perforating  fibres.  The  periosteum  is  an  exceed- 
ingly vascular  membrane,  most  of  its  blood-vessels 
being  destined  for  the  bone.  It  also  contains 
numerous  lymphatics  and  nerves,  many  of  which 
accompany  the  blood-vessels  into  the  bone. 

The  deeper  layer  of  the  periosteum  is  prolonged 

Fig.  73.  2),  Inner  layer  of   •    ,  ,1       -rj  •  i        t  i.-     1  ? 

periosteum  of  femur  of  mto  ail  the  Haversian  canals.  In  a  vertical  section 
adult  eat;  6,  osseous  tissue,  of  one  of  these  ill  a  softened  bone,  the  vessels,  con- 
nective  tissue,  and  osteoblasts,  may  be  readily  seen  if 
the  bone  be  young  (Fig.  72,  d) ;  but  in  adult  bone  the  osteoblasts  are  few 
in  number.  A  Haversian  canal  therefore  contains  blood-vessels,  fine  con- 
nective tissue,  osteoblasts,  together  M'ith  lymphatics  and  nerves.  On  the 
inner  aspect  of  the  bone  the  canals  open  into  the  medullary  spaces  of  the 
spongy  bone,  and  the  osteoblasts  and  vascular  connective  tissue  are  pro- 
longed through  the  canals  into  the  cancelli.  Everywhere  in  the  interior  of 
the  cancelli  of  spongy  bone,  and  the  medullary  canal  of  a  long  bone,  there 
is  a  layer  of  cells,  mostly  osteoblasts  (Fig.  72,  g),  but  in  spongy  bone, 
particularly  in  that  which  is  young,  these  are  here  and  there  replaced  by 
large  multinucleated  giant  cells,  which,  according  to  Kolliker,  are  con- 
cerned, not  in  the  formation,  but  in  the  absorption  of  bone,  hence  he 
has  named  them  osteoclasts  (Fig.  79,  oc).  In  the  medullary  canal  of  a  long 
bone  the  vascular  fibrous  tissue  in  contact  with  the  bone  forms  a  sort  of 
membrane,  that  has  received  the  special  name  of  endosteum. 

The  ]\Tai?row  of  bono  is  either  yellow  or  red.    Yellow  manoio  occurs 
in  the  medullary  canal,  and  larger  cancelli  of  long  bones.    It  chiefly  con- 
sists of  fat -cells  and  blood-vessels,  with  some  ^ 
connective  tissue.    Red  marroio  occurs  in  the        |'  ~ 
spongy  tissue  at  the  ends  of  the  long  bones  of  /'■ 
the  limbs,  in  the  clavicle,  ribs,  and  in  all  the  flat  j 
and  short  bones.    It  consists -of  a  delicate  con-      |  \ 
nective  tissue,  with  many  blood-vessels  and  a  ? 
great  number  of  cells,  most  of  which  are  the 
medullary  cells  or  proper  marrow  cells  of  Kol- 
liker.   They  are  all  nucleated  i)rotoplasts,  many 
of  them  exactly  resembling  lymph-corpuscles 
(Fig.  74,  g,  d),  while  others  have  a  single  large 
nucleus,  with  a  nucleolus  (c).     Others  closely 
resemble  these,  but  contain  fatty  particles,  and 
appear  to  be  young  fat  cells  (.) ;  red  marrow,  ^J^^J^^^^ZH 
however,  contains  very  few  fat  cells,     ihere  are  q-^^^^  ^^^is    h,  coiouied  biood- 
manv  red  blood-corpuscles  (b),  but  they  probably  corpuscle ;  c,  d,  e,  /,  g  meciuiiaiT 

,    ,  ,      11      1       -^1  •    \-i  1     „■(•  cells.  X  300.  (The  nuclei  of  the  cells 

belong  to  the  blood  withm  the  vessels  of  the  l^^^  ^^^J^^  ^^^^^^ 
marrow.  aicohoi.) 

Neumann  and  Bizzozero  {Op.  23,  year  1868,  pp.  689,  885)  state  that  in  I'ed  marrow 
tliere  are  nucleated  red  biood-corpuscles  similar  to  tliose  found  in  tlie  embryo  (J?  ig.^  J  a;. 
From  tliis  tliey  conclude  that  in  red  marrow,  white  corpuscles  develop  mto  coiomea 


PHYSIOLOGY  OF  THE  TISSUES. 


101 


blood-corpuscles,  and  that,  in  short,  it  is  to  be  regarded  as  a  blood  gland.  Eanvier 
{Op.  39,  p.  324)  has  failed  to  find  these  corpuscles,  and  has  cast  doubt  on  Neumann's 
observations  ;  but,  on  the  other  hand,  their  accimacy  is  supported  by  Kindfleisch  in  a 
recent  memoir  {Op.  18,  vol.  xvii.  p.  1).  One  must  be  careful  not  to  mistake  for  such 
corpuscles  the  nucleated  cells  with  yellow  gi-anules  (c),  which  are  blackened  with  osmic 
acid,  and  are  therefore  fat.  Further  investigation,  however,  is  needed  ere  definite  con- 
clusions can  be  aiiived  at  regarding  the  significance  of  the  medullary  cells. 

Osteoclasts  are  large  multinucleated  masses  of  protoplasm  (Fig.  74,  a). 
In  the  bone  of  a  young  subject  they  may  be  found  in  considerable  num- 
bers, but  scarcely  at  all  in  that  of  an  adult.  They,  together  with  osteo- 
blasts, lie  in  contact  with  the  bone  in  the  cancelli  (Fig.  79,  oc,  oh),  andean 
scarcely  be  regarded  as  constituents  of  the  marrow  proper. 

Nutrition  of  Bone. — The  blood-vessels  of  the  Haversian  canals  enter 
from  the  periosteum  at  all  parts  of  the  surface  of  the  bone.  Some  of  them 
pass  through  the  compact  bone  into  the  cancelli,  and  thus  supply  blood  to 
the  medulla.  In  the  long  bones  these  medullary  vessels  are  numerous  near 
the  articular  extremities ;  and  in  the  shaft  there  is  a  canal  that  transmits 
an  artery  of  considerable  size  into  the  medullary  cavity.  This,  the  so- 
called  "  nutrient  artery,"  gives  only  a  few  branches  to  Haversian  canals 
in  its  passage  through  the  bone,  and  chiefly  ends  in  the  medulla.  Since 
the  osseous  tissue  is  nourished  by  vessels  that  enter  everywhere  from 
the  periosteum,  it  is  apt  to  die  if  this  membrane  be  stripped  ofi".  This 
always  takes  place  if  the  denudation  be  extensive.  In  the  adult,  even  a 
very  partial  denudation  is  apt  to  be  followed  by  superficial  necrosis ; 
in  the  young  subject  this  result  is  less  frequent,  probably  because  of 
the  greater  relative  size  of  the  Haversian  canals,  and  therefore,  it  may 
be,  freer  collateral  circulation  within  the  bone.  The  veins  of  bone  have 
a  distribution  similar  to  that  of  the  arteries.  In  the  cancelli  they  are 
numerous  and  much  dilated.  In  compact  bone  they  have  pouch-like 
dilatations,  and  sometimes  occupy  canals  distinct  from  those  containing 
the  arteries  (Todd  and  Bowman).  Often,  however,  both  occur  in  the 
same  canal  (Budge,  Op.  24,  v.,  Abtheil.  1,  p.  99).  The  tolerably  large  open- 
ings near  the  ends  of  the  bone  are  mostly  venous  canals.  There  are 
valves  in  the  veins  where  they  leave  the  bone  (Langer,  Op.  24,  v.,  Abtheil. 
1,  p.  97).  Within  the  marrow,  the  blood-vessels  form  a  closed  system 
(Langer,  op.  c'lt).  Most  of  the  vessels  have  few  or  no  muscular  fibres.  In 
the  Haversian  canals  their  walls  are  so  thin  that  they  may  be  supposed  to 
readily  permit  of  the  transudation  of  lymph. 

Jjijmpliatics  accompany  the  blood-vessels  fi'om  the  periosteum  through  the  Haversian 
canals  into  the  medirllary  spaces  and  medullary  canal.  They  may  be  injected  by  the 
puncture  method,  either  from  the  periosteum  (I3udge,  Op.  24.  v.,  Abtheil.  1,  p.  99)  or 
from  the  medullary  canal  (Schwalbe,  ibid.  p.  101).  In  the  Haversian  canals  and  cancelli 
the  lympliatics  surround  the  blood-vessels  and  constitute  a  space  that  is  lined  by  a  layer 
of  endothelium.  According  to  Budge's  observations  {op.  cit.),  the  lymphatics  are  in 
direct  communication  with  the  lymph  spaces  in  the  connective  tissue  of  the  marrow,  and 
Tivith  the  canaliculi  of  the  bone. 

The  nerves  of  bono  accompany  the  blood-vessels  (Kolliker),  but  nothing  has  been 
ascertained  with  regard  to  their  ultimate  distribution.  The  general  absence  of  muscular 
fibres  from  the  walls  of  the  vessels  must  be  borne  in  mind  in  this  connection,  for  on  that 
account  the  nerves  are  probably  to  a  very  small  extent  to  bo  regarded  as  motor  for  the 
blood-vessels.  In  its  normal  state,  bone  is  very  slightly  sensitive,  but  it  becomes  ex- 
tremely so  when  inflamed.    Violent  irritation  of  the  medullary  tissue  produces  pain. 
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Chemistry  of  Bone. 

Bone  contains  au  extremely  small  quantity  of  water.  Tlie  solids 
consist  of  about  one-tliird  organic,  and  two-thirds  earthy  matter.  The 
composition  of  dried  compact  bone  is  stated  by  Berzelius  to  be  as 
follows : — 


Organic  matter 

Calcium  phosphate, 
carbonate  . 
„  fluoride 
Magnesium  phosphate 
Sodium  salts  . 


Mineral 
matter 


33-30 
51-04 
11-30 
2-00 
1-16 
1-20 


The  composition  varies  somewhat  in  different  bones  ;  thus,  in  the 
temporal  there  is  more  earthy  matter  than  in  other  bones  ;  hence,  its 
extreme  hardness.  There  is  also  more  in  the  bones  of  the  extremities 
than  in  those  of  the  trunk ;  more  in  the  humerus  and  femur  than  in 
the  bones  of  the  forearm  and  leg ;  more  in  the  ilium  than  in  the  scapula 
(Rees). 

The  following  analyses  by  Fremy  of  the  compact  substance  of  the 
femur  show  that  at  various  ages  the  organic  matter  remains  almost 
exactly  the  same,  except  in  the  foetus,  where  its  amount  is  somewhat 
greater. 


Female  foetus 
„  newly-born 
„      22  years  of  age 
„  80 
„  81 
88 
97 


Organic  matter. 

37'0  per  cent. 

35-2  „ 

35-4  „ 

35-4  „ 
35-5 

35-7  „ 

35-1  „ 


With  advancing  age,  bone  becomes  more  brittle.  This  is  possibly  the 
result  of  a  molecular  change  in  its  fibrous  tissue. 

The  organic  substance  of  osseous  tissue  consists  of  the  nucleated 
corpuscles  and  fibrous  tissue.  The  chief  organic  element  is  of  the  nature 
of  white  fibrous  tissue,  from  which  gelatin  "can  be  extracted  by  boiling. 
This  result  is  most  striking  when  decalcified  bone  is  boiled ;  although 
decalcification  is  not  necessary  as  a  preliminary  step  to  obtaining  the 
gelatin.  Unsoftened  bone  also  yields  it  to  boiling  water.  The  organic 
matrix  has  been  named  ossein,  a  term  that  is  entii-ely  superfluous.  The 
chief  mineral  constituent  of  bone  is  calcium  phosphate,  having  the  formula 
Ca.,(P04)o.  It  has  been  surmised  that  the  earthy  salts  are  not  merely 
infiltrated  in  the  organic  matter,  but  are  in  a  state  of  chemical  union 
with  it  (Zalesky).  Tlie  separability  of  the  organic  part  by  boiling  water, 
however,  seems  to  be  opi^osed  to  this  idea. 
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In  most  situations,  bone  is  preceded  by  hyaline  cartilage  ;  but  the 
clavicle,  facial  bones,  and  flat  bones  of  the  skull  are  preceded  by  fibrous 
membrane.  Accordingly  two  modes  of  bone-development  are  recognised 
— the  intracartilaginous  and  the  iniramembranous.  In  all  bones  preceded 
by  cartilage,  one  portion  is  produced  in  the  cartilage  and  the  other  in 
fibrous  membrane.  The  formation  of  the  bony  skeleton  begins  with  the 
clavicle,  about  the  seventh  week  of  foetal  life. 

Formation  of  a  Long  Bone. — Any  growing  long  bone  may  be 
taken  as  an  example  of  ossification  where  the  bone  is  preceded  by  carti- 
lage, and  it  is  convenient  that  we  study  first  the  intracartilaginous  part  of 
the  process. 

Intracartilaginous  Ossification. — Previous  to  the  appearance  of  the 
osseous  tissue  in  such  a  bone  as  a  phalanx  (Fig.  75),  its  place  is  occupied 
by  a  rod  of  hyaline  cartilage,  shaped  like  the  future  bone,  and  enclosed 
in  perichondrium.  The  perichondrium  in  time  becomes  the  periosteum  ; 
the  hyaline  matrix  of  the  cartilage  disappears  everywhere,  save  at  the 
articular  ends  of  the  bone.  What  becomes  of  the  cartilage  cells  will 
presently  be  considered. 

The  ossification  begins  in  the  middle  of  the  shaft  of  the  phalanx, 
about  the  fourth  month  of  foetal  life,  and  extends  towards  the  extremities. 
The  first  step  towards  ossification  consists  in  proliferation  of  the  cartilage 
cells  and  infiltration  of  the  cartilage  matrix  with  lime  salts.  The  cells 
enlarge  and  repeatedly  divide  more  or  less 
transversely  to  the  long  axis  of  the  phalanx, 
and  thus  give  rise  to  longitudinal  rows  (c). 
At  first  the  cells,  after  division,  secrete  a  cap- 
sule, that  becomes  fused  with  the  surround- 
ing matrix ;  but  after  a  time  the  cell- division 
takes  place  so  rapidly,  that  groups  of  cells  are 
formed  within  a  single  capsule.  The  cavities 
containing  them  grow  larger  by  absorption 
(Fig.  76,  a,  h),  and  eventually  become  the 
medullary  spaces  of  the  embryonic  bone.  At 
the  same  time  the  character  of  the  cells 
undergoes  an  important  change,  for  they 
cease  to  "produce  capsules,  and  become  not 
unlike  the  medullary  cells  of  bone 
the  cells  are  multiplying,  lime  salts  are  de 

posited   in    the    matrix,    apparently    for    the  versian  canal ;  m,  mediUlary  spaces. 

purpose  of  enabling  it  to  resist  the  effects 

of  external  pressure,  notwithstanding  the  relative  increase  of  its  soft 
cellular  elements.  The  calcified  matrix  does  not,  however,  become  the 
matrix  of  the  future  bone,  but  entirely  disappears,  as  Sharp  ey  first 
pointed  out. 

Blood-vessels,  accompanied  by  processes  of  perichondrial  connective 
tissue,  now  penetrate  the  cartilage.  They  appear,  by  their  grow.th,  to 
cause  absorption  of  the  matrix,  and  thus  find  their  way  into  the  spaces 


Fig.  75.  Ossification  in  plialanx  of 
TV^hile   '^'^^'^  foetus  at  about  fourtli  month. 

p.  Perichondrium  ;  c,  cartilage  cells 
in  rows  ;  6,  young  bone  ;  7i,  Ha- 
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containing  the  proliferated  cartilage  cells.    The  blood-vessels  then  grow 

towards  the  ends  of  the  phalanx,  causing 
absorption  of  its  matrix,  and  finding  their  way 
into  more  and  more  of  the  cell-spaces.  It 
cannot  be  said  that  the  absorption  of  the  carti- 
lage matrix  is  entirely  owing  to  the  blood- 
vessels. It  is  in  large  measure  due  to  the 
proliferation  of  the  cartilage  cells.  Indeed  a 
coalescence  of  cell  cavities  may  sometimes  be 
seen  (Fig.  76,  c),  when  no  blood-vessels  can  be 
discerned  Avithin  them.  The  coalesced  cell-cavi- 
ties of  the  cartilage  constitute  the  primary 
medullary  spaces  of  the  future  bone.  They 
contain  blood-vessels,  a  very  delicate  connective 
tissue,  and  many  cells. 
Fig.  76.  Cartiingo  of  phalanx  of  some  of  wliicli  are  liber- 
^T..!t:!ZZ°^ll\TT        ated  cartilage-cells,  others 

of  ossmcation  m  centre  of  suaft.  a,  . 

b,  0,  Successive  .stages  in  the  for-  are  probably  white  blood- 

mation  of  primary  medullary  spaces.    cOrpUSclcS  that  haVC  Cmi- 
X  300 

grated  from  the  vessels 
(Frey),  while  some  may  be  descendants  of  corpuscles 
in  the  perivascular  processes  of  connective  tissue 
that  grow  inwards  from  the  perichondrium  (Loven). 
As  we  have  not  found  it  possible  to  trace  the  ossi- 
fying process  farther  in  the  specimens  of  human 
bone  at  present  in  our  possession,  we  must  turn  to  a 
vertical  section  of  the  head  and  shaft  of  a  long 
bone,  e.g.  the  humerus  of  a  rabbit,  kitten,  or  pig, 
made  when  the  ossifying  process  has  advanced  to- 
wards the  articular  ends  of  the  cartilaginous  rod. 
As  the  changes  in  the  cartilage  here  slightly  differ 
from  those  observable  at  the  centre  of  the  human 
phalanx,  it  will  be  necessarjr  to  recapitulate  some 
part  of  what  has  been  said,  and  to  study  in  their 
order  of  succession  all  the  stages  of  the  ossifying 
process  observable  in  such  a  section  (Fig.  76  a). 

In  the  part  of  the  cartilaginous  extremity  near  the 
bone  the  cells  grow  somewhat  larger,  actively  divide, 
and  form  longitudinal  rows  (a).  Each  cell  continues 
to  secrete  matrix,  and  this  becomes  calcified. 

Still  deeper  (b),  the  cells  become  three  or  four 
times  larger  than  in  the  preceding  zone,  and  on 
that  account  the  matrix  is  partly  absorbed.  But 
here,  unlike  the  central  part  of  the  human  phalanx,  j,eriosteum;  „, 

the  proliferated  cells  do  not  form  groups  mside  a  „otch  where  the  iieriosteum 
common  capsule,  nor  do  the  cells  occasion  a  coales-  grows  in  leugth.  rarity 

f.     n        •,  •  schnnatic.    Low  magnifying 

cence  oi  cell-cavities.  power 

Below  the  zone  of  enlarged  cells  a  series  of 
primary  medullary  spaces  (c),  containing  capillaries  and  many  cells  (Fig. 


Fig.  7fiA.  Vertical  section 
of  the  end  and  shaft  of  a 
grooving  long  bone  of  a 
rabbit,  a,  Zone  of  proli- 
fei'ating  cartilage  cells  ;  6, 
zone  of  enlarged  cells ;  c, 
primary  medullary  spaces ; 
d,  enlargement  of  medul- 
lary spaces  by  absorption  ; 
c,  medullary  canal ;  i,  the 
part  of  the  bono  formed 
in  cartilage ;  p,  the  part 
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77,  m'),  occupy  the  sites  of  the  rows  of  cartilage  cells,  the  transverse  septa 
of  which  have  been  absorbed,  apparently  by 
the  gi-owth  of  the  capillaries  {v)  in  the  me- 
dullary spaces  (Ranvier,  Op.  39,  p.  438).  The 
cartilage  cells  thus  liberated  seem  to  break  doion 
(c ,  c")  ;  at  all  events,  their  appearance  here  is 
very  different  from  that  in  the  human  phalanx, 
where  there  is  no  evidence  of  their  degenera- 
tion. The  cells  in  the  medullary  spaces  in  this 
situation  are  therefore  to  be  regarded  as  either 
emigrated  white  blood-corpuscles  (Frey),  or 
connective  tissue  corpuscles  (Lov6n).  Some  of 
the  medullary  cells  become  giant  cells,  which 
apply  themselves  here  and  there  to  the  trabe- 
culte  of  calcified  matrix  by  which  the  spaces  are 
laterally  bounded.  These  play  the  part  of 
chondroclasts,  causing  absorption  of  the  cartilage 
with  which  they  are  in  contact,  so  that  the  spaces 
are  enlarged  and  their  intercommunication 
increased.  The  trabeculfe  of  calcified  cartilage 
constitute  a  framework  that  enables  the  carti- 
laginous rod  to  resist  external  pressure  and 
retain  its  shape  while  it  is  being  excavated 
and  replaced  by  bone. 

The  trabecule  ere  long  become  encrusted  JtSe:^:^^::^!^^ 

with  a   thin   layer  of  osseous    tissue   (6),   and   shaft  of  a  growing  long  bone  of  rabWt. 

primary  cancellated  bone  results.  The  osseous 
texture  is  produced  by  osteoblasts— nucleated 
protoplasts  that  are  either  transformed  connec- 
tive tissue  corpuscles,  or  white  blood-corpuscles.^ 
They  assume  a  somewhat  elongated  and 
branched  shape  when  about  to  become  bone-cells.  Their  processes  usually 
first  appear  on  the  side  where  the  osseous  matrix  is  first  produced,  but 
sometimes  the  whole  cell  becomes  branched  ere  it  is  embedded  (Fig.  78). 
The  bone  matrix  is  a  periplast  produced  by  the  osteoblasts.  Unlike 
the  periplast  of  cartilage,  it  does  not  make  its  appearance  simultaneously 
all  around  the  cell,  but  is  first  seen  between  the  osteoblast  and  the 
cartilage-trabecula  (Fig.  77,  h),  and  from  thence  grows  up  around  the 
osteoblast,  and  envelopes  it,  so  that  the  osteoblast  becomes  a  bone- 
corpuscle.  In  due  time  fresh  osteoblasts  at  the  surface  of  the  young  bone 
produce  osseous  matrix,  and  in  turn  become  enveloped.  It  is  maintained 
by  Beale  {Op.  54,  p.  255)  that  the  osteoblasts  do  not  become  branched, 
and  that  the  canaliculi  are  merely  spaces  left  in  the  growing  bone.  That 
spaces  in  the  periplast  are  left  for  the  canaliculi  seems  perfectly  correct, 

*  H.  Miiller's  opinion  that  cartilage  cells  become  osteoblasts  receives  some  measure 
of  support  from  the  appearances  of  the  liberated  cartilage  cells  in  the  human  phalanx 
(Fig.  70),  while,  on  tlio  other  hand,  Loveu's  denial  of  this  origin  is  supported  by  the 
appearances  which  the  liberated  cartilage  cells  present  in  the  rabbit  (Fig.  77,  C).  Loven 
maintains  that  they  spring  from  connective  tissue  corpuscles. 


c,  c,  c",  Cartilage  cells  ;  m,  m',  m" 
primary  medullary  spaces  ;  v,  blood- 
vessel ;  ft,  young  bone.  X  300.  (Drawn 
after  softening  with  dilute  chromic 
and  nitric  acid,  and  staining  with 
picro-carmine.) 
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yet  we  have  a  difficulty  in  accepting  this  view  of  the  development  of  the 

canaliculi,  for  Fig.  78  is  a  cor- 
rect copy  of  a  preparation,  and 
it  shows  osteoblasts  with  pro- 
cesses before  they  are  enveloped 
in  the  bone.  The  theory  readily 
suggests  itself,  that  these  pro- 
cesses become  canaliculi ;  that 
the  calcified  envelope  of  the 
lacuna  and  canaliculi  is  either 
a  transformation  of  the  outer 
part  of  the  protoplasm,  or  a 
secretion  from  it,  and  that  the 
protoplast  eventually  retires 
into  the  central  part  of  its 
branched  envelope.  It  is  pro- 
bable that  some  canaliculi  are 
formed  by  absorption  after  the 
bone-cells  are  embedded.  It 
cannot,  however,  be  maintained 

Fig.  78.  Oblifiuo  section  of  decalcinetl  cancellnted  bono  J*^^  ^^^^^  development  of 
of  cat,  sliowing  osteoblasts  on  the  free  surface  of  the  bone  the  canalicuU  is  Sufficiently 
(above).   The  bone-oorpusolos  arc  seen  In  the  bone  below,  understood.     As  the  layer  of 

^     "  yoiing  bone  thickens  on  the 

traboculsB  of  cartilage,  the  latter  to  a  large  extent  disappear  by  absorption. 

For  a  time,  the  trabeculae  of  tlie  primary  spongy  bone  grow  thicker 
by  the  superposition  of  new  layers  of  osseous  tissue.  Were  this  to  con- 
tinue indefinitely,  the  primary  medullary  spaces  would  be  in  danger  of 
occlusion,  but  this  is  prevented  by  the  production  of  giant  cells,  which 
enlarge  the  spaces  (Fig.  76a,  d)  by  here  and  there  absorbing  portions 
of  the  intervening  trabeculae ;  and  in  bones  where  a  medullary  canal  is 
formed,  these  cells  completely  remove  the  primary  osseous  texture  in 
the  middle  of  the  shaft  (e). 

After  the  diaphysis  (shaft)  is  ossified,  one  or  more  independent 
centres  of  ossification  are  formed  in  its  cartilaginous  extremities.  The 
appearance  of  these  is  heralded  by  the  inward  growth  of  vascular 
periosteal  processes,  just  as  at  the  centre  of  tlie  shaft.  The  elongation 
of  the  bone  then  continues  in  the  cartilaginous  plate  between  the 
epiphysis  and  the  diaphysis.  The  cartilage  grows  with  such  rapidity 
that,  not\dthstanding  its  incessant  partial  disappearance  in  the  ossify- 
ing process,  a  layer  of  it  persists  in  that  situation  until  the  bone  has 
grown  to  its  full  length,  when  it  disappears  everywhere  save  at  the 
articular  extremities.  That  the  elongation  of  the  long  bones  of  the 
limbs  takes  place  at  the  ends,  and  not  interstitially,  was  proved  by 
Hales,  and  also  by  Hunter  and  others,  who  bored  holes  and  inserted 
shot  or  ivory  pegs  at  a  measured  distance  apart  in  the  shaft  of  a 
long  bone  of  a  young  animal,  and  found  after  a  time  that,  although 
the  bone  had  grown  longer,  the  interval  between  the  pegs  had  not 
increased. 
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It  is  instructive  to  compare  the  behaviour  of  tlie  cartilage  above  the  epiphysis  with 
that  of  the  cartihige  bcloiu  it.  As  previously  described  (p.  78),  the  cells  in  the  carti- 
lage near  the  bone  form  by  division  linear  series,  and  the  matrix  becomes  calcified. 
Probably  this  is  the  extent  of  the  change  ;  but  here  and  there  near  the  bone,  cells 
may  be  seen  (Fig.  40,  d)  enveloped  in  a  thin  layer  of  osseous  matrix  continuous  with 
the  bone,  suggesting  that  the  cartilage  cell  had  ceased  to  secrete  the  periplast  of  carti- 
lage and  had  produced  the  periplast  of  bone.  This  appearance,  however,  is  probably 
in  reality  due  to  an  invasion  of  the  cartilage  matrix  here  and  there  by  bone-corpuscles 
produced  in  medullaiy  spaces  in  the  manner  already  described. 

Intramembranous  Ossification. — While  the  above  changes  are  taking 
place  in  connection  with  the  cartilage  of  the  growing  bone,  the  peri- 
chondrium becomes  periosteum,  and  largely  participates  in  the  ossifying 
process ;  indeed  the  thickening  of  the  bone  is  due  to  its  influence.  The 
earliest  change  in  the  perichondrium  consists  in  the  direct  transformation 
of  its  inner  part  into  bone.'  Its  fibrous  matrix  becomes  calcified,  and 
its  corpuscles  transformed  into  bone-cells.  After  a  time,  however,  the 
connective  tissue  corpuscles  proliferate  rapidly,  and  thus  the  inner  or 
osteogenic  part  of  the  periosteum,  with  its  layer  of  osteoblasts  on  the 
bone,  comes  about  (Fig.  72,  h,  c).  The  bone  grows  outwards  in  the 
fibrous  membrane  by  the  superposition  of  osseous  lamellas  with  their 
included  bone-corpuscles.  The  osseous  matrix  is  produced  by  the  osteo- 
blasts in  the  form  of  clear  fibres,  which  by  their  interlacement  produce  the 
lamellae.  These  fibres  appear  to  be  identical  with  the  osteogenic  fibres 
first  described  by  Sharpey  in  intramembranous  ossification  as  exemplified 
in  the  parietal  bone  (Schjifer,  Op,  8,  xviii.  p.  141).  They  appear  to  be  a 
periplast  specially  formed  by  the  osteoblasts,  and  not  a  transformation 
of  the  fibrous  matrix  of  the  periosteum.  At  the  same  time,  however, 
periosteal  fibres  do  become  included  in  the 
bony  matrix,  and  constitute  Sharpey's  fibres, 
most  of  which  become  calcified.  Near  to 
the  ends  of  the  diaphysis  a  thin  layer  of 
cartilage  separates  the  endochondral  from 
the  periosteal  bone,  but  after  a  time  this  dis- 
appears, so  that  the  latter  lies  in  contact 
with  the  bone  formed  in  cartilage,  and  it  is 
scarcely  possible  to  distinguish  the  one  from 
the  other.  The  crust  of  periosteal  bone 
strengthens  the  shaft,  while  the  excavations 
for  the  medullary  canal  and  permanent  can- 

celli  are  "  proceeding  within.  Around  the  Fig.  TSa.  Transverse  section  near 
neck  of  the    articular  cartilage   there   is    a   the  surface  of  the  cliapbysis  of  the  meta- 

shallow  circular  furrow  or  notch  (Fig.  76  a,  '^■'^-i  -yf  •  ^  5,  outer  and 

.    .  iv^ir  vyj.   uvyuv/jj.  \j- I  ^  a.,   ijjjig],  periosteal  layers;    C,  pnmai-y 

n),  m  which  an  active  proliferation  of  the'  spongy  bone  ;  6,  trabeculfe  ;  o,  Haver- 

periosteal  cells  occurs,  whereby  the  elonea-   sian  spaces  ;  D.d^nse  bone mth  Haver- 
f.  .  1          •     .  ,     ,       rv.    ,    T     sian  canals  (c).   X  45.  (KbUiker.) 

tion  ot  the  periosteum  appears  to  be  efi^ected. 

The  young  periosteal  bone  has  a  spongy  character,  owing  to  the 
growth  of  the  osseous  texture  in  the  form  of  trabeculas  (c.  Fig.  78a). 
As  these  extend  outwards  they  include  processes  of  the  deeper  periosteal 
layer,. with  its  vessels,  connective  tissue,  and  osteoblasts.  The  cavities 
in  the  osseous  areola  are  Haversian  spaces  {a),  which  become  narrowed 
^  From  an  unpublished  thesis  by  Dr.  De  Burgh  Birch. 
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into  Haversian  canals  (c)  by  the  deposition  of  bone  in  their  interior.  On 
the  inner  asjject  of  the  periosteal  bone,  however,  these  canals  are  widened 
into  the  permanent  medullary  spaces  of  cancellous  bone  by  a  process  of 
absorption. 

Duhamel  (1739),  a  French  naturalist,  first  conceived  the  idea  that  hone  grows  from 
the  periosteum,  as  an  exogenous  stem  grows  from  the  inner  layer  of  its  l)ark.  It  had 
been  previously  discovered  accidentally  by  Belchier  that  when  madder  is  mixed  with  the 
food  of  young  pigs,  the  parts  of  their  bones  produced  during  its  administration  acquire 
a  red  colour.  Duhamel  repeated  the  observations,  and  found  that  in  young  animals  fed 
on  madder  a  coloured  ring  of  bone  appeared  under  the  periosteum.  Numerous  observa- 
tions made  since  his  time  show  that  the  madder  evei^where  stains  the  growing  bone,  so 
that  the  ends  of  the  shaft  under  the  epiphysis,  and  a  layer  of  bone  under  the  periosteum 
and  around  each  Haversian  space  and  canal,  is  reddened  by  the  dye,  that  attaches 
itself  to  the  calcium  phosphate,  for  which  it  has  a  marked  affinity.  Syme  {Op.  5,  year 
1840,  xiv.  162),  however,  appears  to  have  been  the  first  to  give  practical  effect  to 
Duhamel's  discovery,  by  showing  that  if  a  silver  plate  be  inserted  between  the  periosteum 
and  the  bone  of  the  radius  of  a  dog,  the  periosteum  produces  a  layer  of  bone  outside  the 
plate  ;  and  he  further  proved  that  bone  may  be  regenerated  after  its  removal,  provided 
the  periosteum  be  left.  Oilier  (1867)  {0}).  60)  also  showed  that  the  periosteum  produces 
bone  even  when  it  is  excised  and  planted  beneath  the  skin. 

Formation  of  the  Medullary  Canal,  Perhianent  Cancelli  and 
Marrow. — In  a  long  bone,  such  as  the  femur,  all  the  osseous  tissue  first 
produced  is  afterwards  removed  by  absorption  ;  the  site  of  the  embryonic 
femur  being  the  medullary  canal  of  the  adult  bone.  All  the  shaft  of  the 
permanent  bone  is  therefore  produced  by  the  periosteum,  while  only  its 
extremities  are  developed  in  cartilage. 

While  the  production  of  tolerably  compact  bone  is  going  on  under  the 
periosteum,  so  that  a  strong  supporting  shell  of  bone  is  always  main- 
tained, excavation  takes  place  in  the  interior,  and  leads  to  the  formation 
of  the  medullary  canal  and  permanent  medullary  spaces.  Howship  was 
the  first  to  observe  the  presence  of  minute  pits  on  the  fangs  of  the  mdk- 
teeth  during  their  absorption,  and  also  on  the  surface  and  in  the  in- 
terior of  bone  wherever  absorption  may  be  taking  place.  These  pits 
were  consequently  named  Howship's  lacunas  by  Lieberkiihn,  but  the 
term  Hoivships  foveolw  is  less  ambiguous,  and  therefore  preferable.  Tomes 
and  De  Morgan  [O]).  3,  year  1853)  discovered  cells  in  these  foveolw,  and 
advanced  the  theory  that  the  excavation  of  the  adjacent  bone  is  due  to 
its  absorption  by  the  cells.  The  cells  in  question  are  those  more 
recently  named  myeloplaxes  by  Eobin,  and  osteoclasts  by  Kolliker  (Op. 
62).  They  are  multinucleated  protoplasts  (Fig.  74,  a)  devoid  of  con- 
tractility (Bizzozero,  quoted  in  Oj).  62,  p.  22).  They  have  no  envelope, 
and  rarely  any  processes.  In  some  instances  a  part  of  their  periphery 
resembles  the  striated  border  of  intestinal  epithelial  cells.  They  lie 
in  contact  with,  and  are  usually  somewhat  flattened  against,  the  bone 
(Fig.  79,  oc),  which  is  mostly  pitted  as  if  excavated  by  them.  The 
manner  in  which  they  induce  absorption  of  the  bone  is  unknown,  but 
very  possibly  it  is  by  a  process  analogous  to  digestion.  Osteoblasts 
and  osteoclasts  may,  in  a  young  bone,  often  be  seen  in  relation  to 
adjacent  parts  of  bone  in  the  same  medullary  space  (Fig.  79).  After 
feeding  with  madder,  a  layer  of  reddened  bone  is  seen  under  the  osfeo- 
blasis,  but  not  under  the  osteoclasts,  showing  that  the  former,  and  not  the  latter, 
are  concerned  in  the  production  of  bone. 
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Fig.  79.  Section  of  cancellated  bone  of  lower  jaw 
of  calf— decalcified,  and  drawn  after  carmine-stain- 
ing, ob,  Osteoblasts  in  contact  with  a  layer  of 
young  bone,  shaded  to  indicate  that  it  was  stained  ; 
oc,  osteoclasts  in  Howship's  foveolse.  (Kolliker.) 


Nearly  the  whole  of  the  eudochondral — and  much  of  the  periosteal 
— part  of  a  long  bone  is  removed 
by  osteoclasts,  to  make  room  for 
the  medullary  canal  and  permanent 
cancelli.  In  the  young  periosteal 
bone  they  may  enlarge  the  Haver- 
sian spaces,  or  reconvert  Haversian 
canals  into  wide  spaces,  by  eating 
away  the  Haversian  lamellae  par- 
tially or  completely,  and  they  may 
also  partially  or  completely  remove 
the  intermediate  lamellte  in  the  bone 
that  is  to  be  permanently  compact, 
as  well  as  in  that  which  is  to  remain 
permanently  spongy.  After  a  time, 
however,  the  process  of  absoi-ption 
ceases,  osteoblasts  reappear,  Haver- 
sian and  cancellous  lamellas  are  again  produced,  and  the  compact  and  spongy 
bone  assume  their  permanent  characters.  In  the  outer  periosteal  bone, 
which  is  to  be  permanently  compact,  many  of  the  Haversian  systems  first 
produced  are  excavated  hy  absorption,  and  new  systems  laid  down  in 
enlarged  cavities  (Fig.  69,  e),  probably  for  the  purpose  of  replacing  the 
intermediate  lamellae  to  a  large  extent  by  rods  of  concentric  lamellae 
running  in  the  direction  of  greatest  pressure. 

As  regards  the  origin  of  osteoclasts,  Kolliker  (0/j.  62,  p.  26)  maintains  that  they  are 
developed  from  osteoblasts,  the  nuclei  of  the  latter  proliferating,  and  the  physiological 
character  of  the  protoplasm  undergoing  a  profound  alteration.  Eindfleisch  (Op.  63,  ii. 
288)  and  Bredichin  {Op.  23,  year  1867,  p.  563)  are  of  opinion  that  they  may  arise  fi'om 
bone-corpuscles,  the  siuTounding  bone  becoming  absorbed,  and  the  osteoclasts  liberated 
into  the  medullary  spaces.  Eegarding  the  fate  of  the  osteoclasts,  Kolliker  believes  that 
they  divide  into  osteoblasts  and  medullary  cells.  Frey  {Op.  64)  is  disposed  to  doubt 
that  bone-absorption  is  effected  by  cells,  but  as  he  gives  no  adequate  reason  for  his 
doubts,  and  advances  no  better  theory,  we  prefer  to  support  the  view  suggested  by  Tomes 
and  De  Morgan,  and  elaborated  by  Kolliker. 

It  has  been  already  stated  that  the  cells  in  the  primary  medullary  spaces  may  be 
emigi'ated  white  blood-corpuscles,  connective  tissue  corpuscles,  or  liberated  cartilage  cells. 
The  medullary  cells  of  the  permanent  spaces  are  doubtless  in  large  measure  descendants 
of  those  of  the  primary  spaces.  Some  of  them,  however,  are  possibly  bone-corpuscles 
liberated  by  the  process  of  absorption,  and  it  has  been  akeady  stated  that  some  of 
them  may  result  from  the  division  of  osteoclasts  (Kolliker).  The  fat  cells  of  marrow 
appear  to  be  developed  from  the  medullary  cells  (p.  100). 

Formation  of  the  Parietal  Bone. — ^The  parietal  bone  may  be 
taken  as  an  example  of  those  bones — viz.  the  flat  bones  of  the  skull,  the 
bones  of  the  face,  and  the  clavicle — which  are  entirely  formed  in  fibrous 
membrane.  The  absence  of  any  pre-existing  cartilage  in  these  cases 
was  first  pointed  out  by  Nesbitt  (Oj).  61) ;  but  the  process  of  ossification 
in  these  parts  was  first  described  by  Sharpey.  The  first  stage  of 
the  process  is  somewhat  obscure,  but  it  seems  to  consist  in  the  mul- 
tiplication of  connective  tissue  corpuscles,  and  the  conversion  of  these 
into  osteoblasts,  as  happens  under  the  periosteum.  The  osteoblasts 
become  bone-corpuscles,  and  secrete  the  substance  of  the  osteogenic  fibres 
which  become  lamellae,  and  in  their  growth  include  pre-existing  fibres  of 
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tho  connective  tissue  as  Sbarpey's  fibres.  Tlie  surface  of  tlie  young  bone 
is  covered  witb  osteoblasts,  and  the  mode  of  its  formation  is  similar  to 
that  ah-eady  described  in  the  periosteum  of  a  long  bone.  The  edge  of  the 
growing  bone  is  jagged,  owing  to  the  pointed  bony  processes  that  grow 
into  the  surrounding  membrane  ;  vascular  processes  of  the  periosteum  are 
included  ;  Haversian  spaces  are  thus  formed,  and  the  subsequent  trans- 
formation of  these  into  Haversian  canals  and  cancelli  comes  about  in 
the  same  way  as  under  the  periosteum  of  a  long  bone. 

It  is  evident  that  the  development  of  bone  is  altogether  a  very  singu- 
lar process.  The  manner  in  which  the  cartilage  grows,  and  yet  dis- 
appears,— the  device  by  which  it  is  strengthened  during  its  excavation, — 
the  formation  of  a  bony  scaffolding  around  the  cartilaginous  framework, 
and  the  subsequent  removal  of  both, — the  formation  of  a  periosteal  bony 
shell  around  the  endochondral  bone,— its  manner  of  increasing  externally 
while  its  excavation  proceeds  within, — the  construction,  resolution,  and 
reconstruction  which  enable  a  bone  to  grow  in  length  and  thickness, 
while  with  increasing  size  it  preserves  a  comparatively  light  and  spongy 
core  with  a  firm  resistmg  exterior, — all  constitute  a  very  remarkable 
series  of  developmental  changes  that  are  of  great  significance  in  assisting 
us  to  form  just  conceptions  of  the  physiological. powers  of  cells. 


CHAPTEE  IX. 
ADIPOSE  TISSUE. 

Adipose  tissue  is  found  in  all  vertebrates,  and  consists  of  cells  whose 
function  is  the  secretion  of  fat.  The  fat  accumulates  in  their  interior, 
and  constitutes  a  store  that  is  drawn  upon  as  the  needs  of  the  economy 
require.  It  is  developed  amidst  areolar  tissue,  and  is  widely  distributed 
througliout  the  organism.  It  principally  occurs  in  the  deeper  layer  of 
the  skin,  around  the  synovial  membrane  of  the  joints,  in  the  mesentery 
and  omentum,  underneath  the  pericardium,  in  the  orbit,  and  in  the  bones. 
It  is  not,  however,  found  within  the  cranium,  or  between  the  bladder  and 
rectum,  or  in  the  subcutaneous  tissue  of  the  eyelids. 

Structure  and  Chemistry. — Fat  cells,  when  free,  are  more  or  less 
spherical  (Fig.  80),  when  pressed  together  they  are  polyhedral.  They 
vary  in  size  from  40  to  80  ju,,  and  consist  of  a  thin  colourless  envelope, 
enclosing  a  mass  of  yellow  fat,  which,  in  the  fully  formed  cell,  usually  con- 
stitutes the  chief  part  of  its  bulk.  There  is  always  a  nucleus  placed  eccen- 
trically between  the  oil  and  the  envelope,  and  in  the  younger  cells  the 
envelope  is  lined  by  a  layer  of  protoplasm.  The  envelope,  indeed,  is  a 
periplast  that  is  either  secreted  by  the  protoplasm,  or  is  a  transformation 
of  it.  When  the  cell  becomes  fully  formed,  the  protoplasm  may  m  some 
cases  entirely  disappear,  but  most  commonly  a  portion  of  it  remains,  and 
extends  like  a  ring  from  the  nucleus  around  the  cell  (Fig.  80).  The 
nucleus  and  protoplasm  may  be  stained  with  carmine.    The  envelope  may 
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be  seen  as  a  thin  clear  band  after  the  fat  has  been  blackened  with  osmic 
acid  (Fig.  81,  c).  It  is,  however,  more  apparent  after  the  fat  has  been 
abstracted  from  the  cells  by  washing  them  with  ether  ;  but  it  is  ren- 
dered most  evident  by  injecting  a  dilute  solution  of  silver  nitrate 
(1  :  1000)  into  the  subcutaneous  tissue  of  such  an 
animal  as  a  rabbit  immediately  after  death. 
Shortly  after  the  injection  it  is  found  that  the 
envelope  is  separated  from  the  fat  by  a  con- 
siderable interval  filled  with  a  colourless  fluid 
(Ranvier,  Op.  39,  p.  344). 

The  fat  chiefly  consists  of  palmitin  and  olein, 
with  stearin  in  much  smaller  amount.  When 
the  body  cools  at  death,  the  palmitin  and  stearin 
often  form  colourless  acicular  crystals,  that  have  .^.'^      d™^^"  ''fter 

.    ,  IP  carmine-staining.     A  nucleated 

been  termed  "  margarm  crystals,  from  an  erro-  i,and  of  protoplasm  is  seen  super- 
neous  idea  as  to  their  nature.    These  crystals  floiaiiy  in  a,  and  in  profile  in  6. 

,1  •        i      11       1.  1    In  c  there  is  a  nucleus  without 

nearly  always  appear  m  fat  cells  when  preserved  protoplasm,  x  300. 
in  glycerin.     The  pale  yellow  colour  of  a  fat 

cell  is  due  to  a  peculiar  pigment,  which  is  soluble  in  the  fat.  It  remains 
behind  in  the  form  of  yellowish  granules,  when  the  fat  disappears  in  ema- 
ciation (Toldt,  Op.  65,  p.  74). 

In  ordinary  areolar  tissue,  fat  cells  are  commonly  arranged  in  clusters 
in  the  form  of  islands  or  cords,  that  are  mostly  surrounded  by  a  sheath 
of  connective  tissue,  which  may  send  in  fine  processes  here  and  there 
between  the  cells  ;  usually,  however,  the  cells  have  scarcely  anything 
save  capillaries  between  them.  The  capillaries  form  a  close  network  with 
the  fat  cells  in  the  intervals,  so  that  the  interchange  of  material  between 
the  blood  and  the  cells  may  be  facilitated. 

Toldt  (Op.  65,  p.  180)  states  that  he  has  found  lymphatics  and  nerves  amidst  fat 
cells.  Flenaming,  however  (Op.  18,  xii.  p.  500),  denies  the  existence  of  lymphatics,  and 
maintains  that  there  is  no  evidence  that  the  nerves  are  distributed  to  anything  more 
than  the  blood-vessels. 

Effect  of  Starvation. — In  emaciation,  the  fat  entirely  disappears 
from  adipose  tissue  in  most  situations,  leaving  the  envelopes  of  the  cells 
somewhat  collapsed.  The  nucleus  and  protoplasm  remain,  while  the  fat 
is  to  some  extent  replaced  by  a  clear  fluid.  Such  cells  have  consequently 
been  termed  serous  fat  cells.  The  fluid,  however,  difi'ers  from  serum, 
inasmuch  -  as  acetic  acid  occasions  a  precipitate — probably  of  mucin 
(Tohlt,  Op.  65,  p.  72).  As  already  stated,  the  pigment  of  the  fat  does 
not  appear  to  be  absorbed  from  the  cells.  In  cases  of  prolonged  emacia- 
tion, Flemming  {Op.  cit.  p.  501)  has  pointed  out  that  many  of  the  capil- 
laries of  tlie  adipose  tissue  become  atrophied  and  disappear. 

ErpiCT  OF  Irritation. — In  emaciation,  the  nucleus  of  the  fat  cell 
sometimes  proliferates,  so  that  a  group  of  young  cells  appears  within  the 
envelope  of  the  parent.  When  fat  cells  are  irritated  by  the  injection  of 
such  a  substance  as  a  solution  of  iodine  into  the  subcutaneous  tissue  of  a 
living  animal,  the  nucleated  protoplast  of  the  cell  multiplies,  and  a  brood 
of  young  cells  thus  appears  between  the  fat  and  the  envelope  (Czajewicz, 
Op.  15,  year  1866,  p.  289). 
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Development. — In  skin,  intermuscular  fascia,  and  loose  connective 
tissue  generally,  fat  cells  are,  as  RoUett  (Ojx  38,  i.  95)  and  Toldt  (Op. 
65,  p.  71)  correctly  maintain,  mostly  developed  from  rounded  finely 
granular  cells  (Fig.  81,  a).    These  fat-forming  cells 
are  usually  numerous  at  the  spot  where  the  formation 
of  adipose  tissue  is  taking  place.    They  multiply  by 
cleavage  (Fig.  81,  a),  and  appear  in  the  first  instance 
to  be  the  descendants  of  connective  tissue  cells.  In 
marrow,  fat  cells  are  developed  from  the  medullary 
cells  (Fig.  74,  e).  The  fat  appears  at  first  as  fine  glob- 
ules amidst  the  protoplasm  that  eventually  coalesce 
and  cause  the  protoplasm  and  nucleus  to  occujjj'-  an 
Fig  81.  Development  of  eccentric  position,  as  already  stated.     The  proto- 

fat  cells  in   omentum   of     ■,  i.  c    l  jy  ■ 

guinea  pig.  a,  Young  fat  pJ'ism  at  first  torms  a  contmuous  layer  around  the 
cell;  a',  with  divided  nnc-  fat,  but  it  in  time  largely  disappears.  Flemming 

r^e^  ::UTn  °d%:^  (OP-  }\^\V.  m  states  that  fat  ceUs  arise 
cell;  d,  connective  tissue  directly  Irom  branclied  connective  tissue  corpuscles, 
corpuscle  becoming  a  fat  but  although  such  a  mode  of  development  doubtless 

cell.    Stained  with  osmic    _  /t7-     o  i    j\  -j.  •   j.    i  t    i  ,  •  i 

acid.  X  350.  occurs  (i^  ig.  81 ,  a),  it  IS  to  be  regarded  as  exceptional. 

Adipose  tissue  is  mostly  developed  in  the  vicinity  of 
blood-vessels,  and  its  remarkable  vascularity  is  due  to  growth  of  new 
vessels,  either  as  buds  from  those  already  existing,  or  from  the  trans- 
formation of  connective  tissue  corpuscles  in  the  manner  already  indi- 
cated (p.  G2). 

Functions. — Adipose  tissue  discharges  several  important  functions. 
1.  It  forms  a  soft  but  elastic  cushion  in  the  orbit,  on  which  the  eyeball 
rotates.  In  the  skin  it  gives  softness  and  diffuses  pressure,  hence  it  is 
largely  developed  in  the  sole  of  the  foot,  in  the  gluteal  region,  and  in 
some  other  parts.  2.  It  retards  the  radiation  of  heat  from  the  cuta- 
neous surface.  On  this  account  it  is  developed  to  a  very  remarkable 
extent  in  the  skin  of  the  M'hale.  3.  It  discharges  an  important  func- 
tion in  nutrition,  inasmuch  as  it  secretes  fat,  and  stores  it  up  for  the 
needs  of  the  economy.  The  question  as  to  the  source  of  the  fat  in 
adipose  tissue  must  be  considered  under  the  subject  of  Nutrition,  of 
which  it  is  an  important  problem.  It  may,  however,  be  briefly  stated 
here  that  there  is  suflicient  reason  for  supposing  that,  just  as  the  cells  of 
the  liver  have  the  power  of  producing  glycogen  from  sugar  and  proteids, 
and  of  storing  it  up  within  them  for  a  time,  in  like  manner  the  protoplasm 
of  fat  cells  seems  to  have  the  power  of  producing  fat  from  amyloids,  and 
also  from  proteids,  and  the  secretion  is  stored  up  in  the  cells  until  required. 
It  may,  however,  also  be  that  when  an  excess  of  fat  is  introduced  into 
the  blood  from  the  food,  a  part  of  it  is  abstracted  and  accumulated  in 
the  fat  cells.  But  experimental  evidence  will  afterwards  be  adduced  to 
show  that  this  probably  takes  place  to  a  less  extent  than  is  commonly 
supposed.  When  the  fat  is  absorbed  from  the  fat  cells  into  the  blood,  it 
is  not  known  whether  it  passes  from  the  cell  unchanged,  or  is  converted 
into  soluble  soaps  to  facilitate  its  removal.  The  circumstance — already 
mentioned — that  the  yellow  pigment  of  the  fat  is  left  behind  favours  the 
latter  idea  (Toldt,  Op.  65,  p.  74). 
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CHAPTEE  X. 
THE  TEETH. 

General  Characters. — In  the  human  subject  there  are  two  sets  of 
teeth: — 1.  The  temporary,  deciduous,  or  milk  teeth.  2.  The  permanent 
teeth.  Their  several  numbers  and  names  are  indicated  in  the  following 
formulas  : — 

Molar.     Canine.        Incisor.         Canine.  Molar. 

Molar.    Bicuspid.  Canine.         Incisor.        Canine.    Bicuspid.  Molar. 

Permanent  j  gP^'J;  ^ 

The  teeth  are  fixed  in  sockets  (alveoli)  in  the  maxillary  bones.  The 
imbedded  part  of  a  tooth  is  termed  the  fang,  its  free  portion — the 
crown,  and  the  somewhat  constricted  line  of  junction  between  the  two 
— the  neck.  The  general  characters  of  the  permanent  teeth  are  as 
follows  : — The  chisel-shaped  crown  of  the  incisors  and  the  pointed  crown 
of  the  canine  teeth  are  both  of  them  adapted  for  cutting  and  tearing  the 
food  ;  but  in  carnivorous  animals  the  crown  of  the  canine  teeth  is 
greatly  elongated,  and  serves  as  a  weapon.  The  crowns  of  the  bicuspids 
and  molars  are  comparatively  broad  and  adapted  for  grinding.  There  is 
a  single  fang  in  the  incisors  and  canines.  The  fang  of  the  bicuspids  is 
sometimes  single,  sometimes  double.  The  molars  of  the  lower  jaw  have 
two,  those  of  the  upper  jaw  have  three  fangs  ;  but  in  the  wisdom  teeth 
the  fangs  are  usually  more  or  less  compressed  together.  The  presence  of  ^ 
more  than  one  fang  in  the  molar  teeth  is  probably  of  service  in  keep- 
ing them  steady  during  lateral  strain  to  which  their  crowns  are  sub- 
jected in  the  act  of  grinding  the  food. 


Structure  of  the  Teeth. 

All  the  teeth,  whether  temporary  or  permanent,  have  essentially  the 
same  structure,  each  tooth  consisting  of  four  parts :  the  pulp,  filling  a 
central  space — the  pulp  cavity  (Fig.  82,  p) ;  the  dentine  (d),  surrounding 
the  pulp  cavity ;  the  enamel  (e),  covering  the  dentine  in  the  crown  ;  and 
the  cement  (c),  covering  it  in  the  fang.  Excepting  the  pulp,  all  these  parts 
are  exceedingly  hard.  Blood-vessels  and  nerves  enter  the  pulp  through 
an  aperture  at  the  point  of  the  fang. 

The  Cement,  or  Crusta  Petrosa,  is  a  thin  plate  of  bone  enclosing 
the  dentine  of  the  fang.  It  (c)  consists  of  bone-corpuscles  in  lacunae, 
with  canaliculi  embedded  in  a  matrix  composed  of  calcified  fibrous  tissue 
arranged  in  lamellae.  Many  fibres  of  Sharpey  pierce  the  lamellae  from 
the  surrounding  periosteum — or,  as  it  is  here  named,  periodontal  mem- 
brane— and  are  probably  of  service  in  fixing  the  tooth  in  the  alveolus. 
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The  Enamel  covers  tlie  dentine  in  the  crown  of  the  tooth.  It  is 
thickest  over  the  upper  part  of  the  crown,  and  gradually  thins  off  towards 
the  neck,  where  it  is  overlapped  to  a  slight  extent 
by  the  cement.  The  outer  surface  of  the  enamel  is 
finely  striated  transversely  to  the  long  axis  of  the 
tooth.  Sometimes  there  are  a  few  deep  grooves,  due 
to  imperfect  development  of  the  tooth.  Enamel  is 
the  hardest  tissue  in  the  body,  and  consists  almost 
entirely  of  earthy  salts,  chiefly  calcium  phosphate, 
with  only  from  3  to  5  per  cent  of  organic  matter. 
On  this  account  it  is  almost  entirely  dissolved  by 
dilute  mineral  acids.  It  is  composed  of  solid  prisms 
or  fibres,  from  3  to  4  yu,  in  breadth.  The  prisms  are 
set  endwise  on  the  dentine  (Fig.  83),  and  are  in  close 
apposition,  there  being 
scarcely  any  interstitial 
matter  between  them. 
Sometimes,  however,  there 
are  irregular  fissures  be- 
tween their  inner  ends 
(/).  Tlie  fibres  run  in 
bundles,  which  often  de- 
cussate at  their  inner  ex- 
tremities. In  transverse 
section  the  fibres  may  be 
hexagonal,  but  often  they 
of  the  aivooius'and  lower  are  polygoual  (T).  The 
jaw  (j).  p,  Pulp  cavity ;  prisms  may  be  isolated 

d,  dontino ;  c,  cement:  c,    i        ■<     •  ,i  -  l-  ^ 

o^aniei;  a,  coloured  striro  placuig  a  thm  Vertical 
section  of  enamel — par- 
allel with  the  fibres — for 
a  short  time  in  dilute 
hydrochloric  acid,  and  then 
dissecting  it  with  needles, 
and  subjecting  the  fragments  to  pressure.  Each  fibre  has  a  somewhat 
wavy  outline,  and  is  marked  at  tolerably  regular  intervals  by  fine  clear 
transverse  lines.  Hertz  ascribes  these  to  intermittent  calcification  of  the 
fibres,  an  explanation  that  receives  support  from  the  circumstance  that  the 
lines  become  more  evident  after  the  action  of  dilute  mineral  acid,  and 
also  from  the  fact  that  transverse  cleavage  of  the  fibre  through  these  clear 
lines  may  be  effected  by  mechanical  pressure  after  the  acid  has  acted  for 
some  time. 

In  a  vertical  section  of  a  tootli,  coloured  lines,  the  brown  lines  of  Retzms,  may  be 
seen  crossing  the  enamel  fibres  and  forming  a  series  of  arches  more  or  less  complete 
(Fig.  82,  a).  They  are  in  much  smaller  number  than  the  fine  colourless  lines  just 
described.  Von  Bibra  has  chemically  examined  the  pigment  in  the  beaver  and  squirrel, 
and  finds  it  to  be  oxide  of  iron.  Kolliker  ascribes  the  concenti-ic  arrangement  of  the 
coloured  lines  to  a  laminated  mode  of  formation  of  the  enamel. 

Nasmylh's  mcmhranc,  or  the  cuticle  of  the  enamel,  is  a  thin  calcified  membrane 
covering  the  enamel  in  the  young  subject.    It  is  but  little  affected  by  hydrochloric 


Fig.  82.  Vertical  section 
of  a  cat's  tooth,  with  part 


in  enamel ;  i,  incremental 
lines  in  dentine ;  S,  epi- 
thelium of  gum  ;  n,  norvo  ; 
w.blood-vessel  cut  across  in 
the  dental  canal.  (Semtdio- 
grammatic.) 


Pig.  83.  V,  Vertical,  T,  trans- 
verse section  of  enamel  fibres  (c)  ; 
/,  fissure  between  the  fibres  ;  d,  den- 
tine.   X  300. 
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acid.  It  swells  up  in  caustic  potash,  and  wlien  burned  emits  an  odour  of  burning 
horn.  AVahleyer  therefore  supposes  it  to  be  of  a  horny  nature,  and  to  consist  of  calcified 
epithelial  cells  {Op.  38,  i.  474),  and  he  states  that  their  outlines  may  be  revealed  by  the 
silver  process.  According  to  J.  Tomes,  however,  Nasmyth's  membrane  is  a  thin  layer 
of  crusta  petrosa  without  lacunre  (see  p.  119).  Nasmyth's  membrane  is  soon  worn  away 
by  friction,  and  eventually,  as  age  advances,  the  enamel  fibres  are  themselves  worn  away, 
and  the  dentine  exposed. 

The  Dentine  or  Ivory  constitutes  the  greater  part  of  the  tooth. 
It  consists  of  tubules  imbedded  in  a  calcified  matrix, 
chemically  like  that  of  bone,  but  structurally  different, 
inasmuch  as  the  organic  part  is  not  fibrous,  but  homo- 
geneous. The  dentinal  tubules  open  into  the  pulp-cavity, 
radiate  through  the  dentine,  and  end  near  its  periphery. 
Sometimes,  however,  they  open  into  the  fissures  in  the 
enamel,  or  run  between  its  fibres  for  a  short  distance  ; 
or  they  may  communicate  with  the  canaliculi  in  the 
cement  (Tomes).  In  their  course  through  the  dentine 
they  are  wavy,  having  two  or  three  primary,  and  a 
large  number  of  secondary  curvatures  (Fig.  84,  d). 
They  divide  once  or  twice  dichotomously,  and  each 
primary  branch  gives  off  a  large  number  of  minute 
secondary  branches,  many  of  which  form  loop-like 
anastomoses  with  those  of  neighbouring  tubules.  The 
cavity  of  the  tubules  is  largest  (5  to  6  /x)  near  the 
pulp-cavity,  and  diminishes  outwards.  The  walls  of 
the  tubules,  the  dentinal  sheaths,  consist  of  a  homo- 
geneous yellowish  membrane,  that  probably  consists 
of  elastin,  seeing  that  it  is  scarcely 
affected  by  boiling  in  strong  mineral 
acids  or  caustic  alkali.  As  the  inter- 
tubular  matrix  is  entirely  destroyed 
by  such  treatment,  the  dentinal  tu- 
bules may  be  isolated  thereby. 
Dentinal  Fibres. —  Each  tubule 


I 


rig.  84.  Transver.sc 

,   .  ^        f,-,  ,^       7    J-     7   section  of  fang  of  human 

contains  a  fine  fibre — the  dentinal  tooth,  a,  Dentinal  tu- 
fih-e,  or  fibre  of  Tomes  (Fig.  85,  /).  buies ;  i,  interglobular 
In  a  thin  transverse  section  of  the  ^  3?Twaideyer'"*"*' 
tubules  of  decalcified  dentine,  the  ^  "  ^^y^r.) 
fibre  appears  as  a  minute  dark  spot  enclosed  by  a  thin 
yellowish  ring — the  dentinal  sheath.  The  dentinal 
torn  across,  showing  the  fibres  are  processes  of  cells — the  odontoblasts  that  lie  in 
dentinal  tubules  and  the  pulp-cavity  close  to  the  dentine.  Sometimes,  in 
From  incSr^"o^oth^^of  ^^'^^^^^^  softened  teeth,  the  odontoblasts  are  par 
rabbit,  after  maceration  tia'ly  dislocated,  and  the  dentinal  fibres  may  be  seen 
stretching  like  harp-strings  between  them  and  the 
dentine.  Also,  when  unsoftened  sections  of  recent 
dentine  are  broken  across,  the  fibres  may  be  seen  ex- 
tending between  the  fragments.  When  over-stretched  they  break,  and  a 
sort  of  bead  often  forms  at  the  broken  end  (J.  Tomes),  indicating  that 
the  fibres  are  in  their  normal  condition  soft  and  colloid.    They  may  be 


for  several  weeks  in 
"  strong "  chromic  acid 
solution.  (Boll.) 
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stained  with  carmine,  though  with  difficulty  (0.  S.  Tomes).  They  prob- 
ably traverse  the  whole  extent  of  the  dentinal  tubules  and  their  divi- 
sions, but,  owing  to  the  difficulty  of  the  case,  they  have  not  been  traced 
into  the  finest  branches.    In  old  age  they  atrophy  or  become  calcified. 

Interglobular  substance. — The  outer  part  of  the  dentine,  especially  in  the  fang, 
presents  ti  gi-anular  appearance  wlien  an  iinsoftened  section  of  tooth  is  examined  with 
a  low  magnifying  power.  This — the  granular  layer  of  J.  Tomes — is,  when  highly  mag- 
nified, seen  to  consist  of  "  interglobular  spaces,"  so  called  because  in  sections  of  dried 
tooth  they  appear  as  cavities  with  the  calcified  dentine  projecting  into  them  in  a  globular 
form.  Normally,  however,  they  are  not  spaces  (Waldeyer),  but  are  filled  with  a  soft 
matter,  apparently  dentine  that  has  escaped  calcification  "(C.  S.  Tomes,  Op.  59,  p.  64). 

Curved  lines  in  llie  dentine. — The  mati'ix  of  the  dentine  is  laminated.  The  outlines 
of  the  laminae  run  at  right  angles  to  the  dentinal  tubules,  and  are  concentric  with  the 
pulp-cavity  (Sharpey).  They  may  be  readily  seen  in  a  transverse  section  of  the  fang  of 
an  unsoftened  tooth,  which,  after  decalcification,  splits  into  concentric  rings  (Salter). 
As  they  indicate  a  laminated  formation  of  the  dentine  dm'ing  its  growth  at  the  surface  of 
the  pulp-cavity,  they  are  termed  incremental  lines.  They  are  also  visible  in  a  vertical 
section  of  a  tooth,  and  it  occasionally  happens  that  some  of  these  incremental  lines  are 
in  the  crown  of  the  tooth — rendered  more  conspicuous  by  imperfect  calcification  of  the 
dentine.  These  are  the  "  contour  lines  "  of  Owen  (Fig.  82,  i).  When  highly  magnified 
they  are  seen  to  be  duo  to  lines  of  inteiglobular  substance. 

Schreger  pointed  out  that  in  a  vertical  section  of  unsoftened  tooth  the  primary  curva- 
tures of  the  dentinal  tubules  give  rise  to  two  or  three  faint  lines  concentric  with  the 
pulp-cavity.    These  have  consequently  been  named  "  Sclii-eger's  lines." 

The  Pulp  consists  of  a  delicate  connective  tissue  containing  numerous 
cells,  vessels,  and  nerves.  Close  to  the  dentine  there  is  a  layer  of  relatively 
large  nucleated  cells,  the  odontoblasts  (Fig.  89,  o),  that  are  to  be  regarded  as 
modified  connective  tissue  corpuscles.  These  cells  have  fine  processes  that 
may  be  grouped  in  three  sets, — external,  lateral,  and  central  (Waldeyer, 
Oj).  cit.)  The  external  processes  are  the  dentinal  fibres,  of  which  one,  two, 
or  three  may  spring  from  a  single  odontoblast.  The  lateral  processes 
connect  neighbouring  odontoblasts,  while  the  central  ones  join  them  to 
connective  tissue  corpuscles  situated  more  centrally  in  the  pulp.  The 
nerves  of  the  teeth  are  derived  from  the  fifth  cranial  nerve.  They  form 
a  rich  plexus  in  the  pulp.  Boll  (Op.  18,  year  1868,  p.  75)  has  traced  the 
nerve  fibrils  to  the  dentinal  tubules,  but  whether  they  enter  the  tubules 
and  traverse  them  along  with  the  dentinal  fibres,  or  join  the  dentinal 
fibres,  is  unknown.  It  cannot  be  doubted  that  a  sensitive  tissue  of  some 
sort  extends  throughout  the  dentine,  for  when  caries  attacks  its  outer  part 
it  becomes  exceedingly  sensitive,  and  on  the  removal  of  the  carious  portion, 
it  is  found  that  the  normal  dentine,  although  nearer  the  pulp-cavity,  is  far 
less  sensitive  (C.  S.  Tomes,  Op.  59,  p.  72). 

The  Alveolo-dental  Membrane  (periodontal  membrane)  is  the  peri- 
osteum intervening  between  the  fang  and  the  alveolar  wall.  It  contains 
numerous  blood-vessels  and  nerves.  Many  perforating  fibres  pass  from  it 
into  the  crusta  petrosa. 

The  enamel  of  the  teeth  is  gradually  worn  away  by  friction,  and  it  is 
liable  to  suffer  disintegration  from  other  causes,  chief  among  which  are 
probably  the  micrococci  and  bacteria  that  nestle  in  the  sordes.  Hence  the 
importance  of  their  daily  removal.  Wood  charcoal  is  the  best  dentifrice 
(Christison). 
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Development  of  the  Teeth. 

Development  of  the  Temporary  Teeth. — The  teeth  are  developed 
in  the  mucous  membrane  of  the  maxillary  ridges,  the  enamel  being  formed 
from  its  epithelium  and  the  remaining  dental  tissues  from  the  sub- 
epithelial connective  tissue.  The  portions  of  the  epitheliated  surface  and 
the  subjacent  connective  tissue  concerned  in  the  development  of  a  tooth 
together  constitute  the  dental  germ. 

About  the  seventh  week  of  fcetal  life,  the  epithelium  covering  the 
border  of  the  maxillary  ridge  grows  thicker,  and  forms  two  slight  longi- 
tudinal ridges — the  dental  ridges — with  a  shallow  groove  between  them, 
which  may  be  termed  the  superficial  dental  groove.  A  transverse  section 
of  the  maxillary  ridge  shows  that  this 
groove  is  merely  a  depression  on  the  sur- 
face of  the  oral  epithelium,  due  to  an 
active  growth  of  the  cells  at  its  margins. 
It,  however,  broadly  marks  the  position 
of  what  may  be  termed  the  deep  dental 
groove^  (Fig.  86,  d),  formed  by  a  downward 
growth  of  the  deeper  portion  of  the  epi- 
thelium into  the  soft  mucous  connective 
tissue.  The  deep  dental  groove  extends 
throughout  the  whole  length  of  the  jaw, 
and  the  epithelium  with  which  it  is  filled 
is  termed  the  common  enamel  germ. 
Flask-like  dilatations  make  their  appear- 
ance   at   intervals    in    the    deep    dental  deep  dental  groove  ;  a,  dilated  portion 

groove,  owing  to  rapid  epithelial  prolifera- 
tion at  certain  points.    Each  dilatation 
marks  the  site  of  a  future  temporary  tooth,  and  the  epithelium  which  fills 
it  is  termed  the  special  enamel  germ,  or  enamel  organ. 

A  papilla — the  dentine  germ — grows  upwards  at  the  base  of  the  enamel 
organ,  and  indents  it  (Fig.  87,  g).  Consisting  of  mucous  connective  tissue 
in  which  blood-vessels  soon  appear,  it  eventually  becomes  the  dentine  and 
the  tooth  pulp.  Inferiorly,  it  is  continuous  with  the  vascular  connective 
tissue  that  envelops  the  enamel  organ,  and  which  becomes  the  dental 
sac  (s),  in  whose  interior  the  tooth  is  developed.  The  terms  follicular 
and  saccular  were  applied  by  Goodsir  to  the  stages  of  tooth-development 
before  and  after  the  formation  of  the  dental  sac. 

Owing  to  the  secondary  dental  groove  in  most  cases  bending  inwards 
as  it  deepens,  the  narrow  fissure  (*),  by  which  the  enamel  organ  communi- 
cates with  the  oral  epithelium  usually  acquires  a  lateral  position  with 
reference  to  the  tooth  sac.    It  eventually  becomes  obliterated  (Waldeyer, 


Fig.  86.  Traverse  section  of  the  maxil- 
lary ridge  of  a  ruminant,  showing  the  early 
condition  of  the  dental  follicle,  a,  Super- 
ficial ;  b,  deep  layer  of  oral  epithelium  ;  e, 


containing  the  special  enamel  germ.  (Kbl- 
liker.) 


^  Goodsir  {Op.  7,  year  1838,  and  Op.  50,  ii.),  to  whom  we  owe  many  important  facts 
regarding  the  development  of  the  teeth,  designated  the  superficial  and  deep  dental  grooves 
"primitive  "  and  "secondary  ; "  but  as  the  imperfect  histological  methods  at  his  disposal 
in  1838  led  him  into  error  regarding  the  development  and  significance  of  these  grooves 
(which  were  first  indicated  by  Kolliker,  Op.  53,  year  1863),  it  is  thought  advisable 
to  adopt  the  nomenclature  of  the  text. 
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Op.  38,  i.  483),  so  that,  even  when  it  happens  to  be  placed  over  the 
centre  of  the  tooth  sac,  the  growing  tooth  emerges  from 
the  dental  sac  by  pressing  against  the  superjacent  tissues 
of  the  gum,  until  they  are  absorbed. 

Formation  of  the  Enamel. — The  enamel  organ  forms  a 
cap-like  covering  to  the  dentine  germ.  It  at  first  consists 
of  tolerably  uniform  epithelial  cells,  but  ere  long  it  differ- 
entiates into 


f 


four  layers  : 
the  external 
e  pit  helium 
(Fig.  88,  c)  ■ 
the  enamel 
pulp  (h) ;  the 
stratum  inter- 
medium a';  and 
the  internal 
epithelium  (a). 
1.  The  exter- 
nal  epithelium 
consists  of  a 


Fig.  88.  Vertical 
section    of  enamel 
organ  and  dental  sac 
row  of  cubical  of  child,  at  birth 
or  low  Colum-  (KaiUker).    a,  Inner 
.        layer  with  stratnvi 

nar  cells  Immg 


the  dental  sac. 
These  are  con- 


Pig.  87.  A  more  advanced  stage  in  the  development  of 
tho  tooth  of  a  ruminant,  re,  Superficial ;  h,  deep  layers  of  tinucd  into  the 
oral  epithelium  ;  0,  neck  of  the  deep  dental  groove ;  d,  c,/,    Qg^Jg     q£  ^\-^q 
outer,  middle,  and  inner  layers  of  colls  of  enamel  organ ; 

g,  dentine  germ  ;  s,  the  commencenient  of  the  dental  sac  ; 

h,  formation  of  a  special  enamel  germ  for  a  permanent 
tooth.  (Kolliker.) 


intermedium  exter- 
nal to  it  ;  b,  gelatin- 
ous layer ;  c,  outer 
layer  of  enamel  or- 
gan ;  d,  loose  flbro- 
vascular  (inner)  lay- 
:  „  „+  er ;  c,  dense  fibrous 

mner  layer  at  (^^te^)  layer  of  den- 


the  base  of  tal  sac.  x  250 ;  ro- 
the  dental  pa-  '^'^"^'^ 
pilla.  2.  The  enamel  pulp  resembles  mucous  tissue,  in  so  far  as  it  is  a  mesh- 
work  of  stellate  cells  with  anastomosing  processes,  and  a  jelly-lilce  fluid 
filling  their  interstices.  The  fluid  is  of  an  albuminous  nature,  and  the  cells 
are  undoubtedly  of  epithelial  origin.  3.  The  stratum  intermedium  is  com- 
posed of  two  or  three  layers  of  somewhat  rounded  cells  that  appear  to  be 
undiff'erentiated  cells  of  the  enamel  germ.  4.  The  internal  epithelium 
consists  of  a  single  layer  of  hexagonal  columnar  cells — the  enamel  cells — 
that  become  transformed  into  the  enamel  prisms.  Each  cell  has  a  nucleus 
near  its  outer  extremity.  Calcification  begins  at  its  inner  end,  and  first 
involves  the  periphery  of  the  prism,  so  that,  if  the  enamel  cells  be  forcibly 
detached,  a  jsointed  prolongation  of  the  axial  part  of  the  cell  ("  Tomes' 
process  ")  may  be  pulled  from  the  centre  of  each  prism  (Fig.  89,  g).  The 
nucleus  of  the  cell  disappears,  and  the  enamel  prism  is  therefore  to  be 
regarded  simply  as  a  periplast. 

Waldeyer  states  that  many  of  the  cells  of  the  stratum  intumedhim  become  transformed 
into  enamel  cells.  The  enamel  pulp  takes  no  part  in  the  formation  of  the  tooth  ;  as 
development  proceeds  it  entii-ely  disappears,  so  that  the  external  epithelium  comes  to  bo 
in  contact  with  what  remains  of  the  stratum  intermedium  (Fig.  89,  d,  c").  The  latter 
disappears,  aud,  according  to  Waldeyer  (Op.  38,  i.  485)  and  Hertz  (quoted  by  Waldeyer, 
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0}).  cit.),  the  external  epitlielial  cells  become  cornified,  and  constitute  Nasmyth's 
membrane.  But,  on  tlio  other  liand,  C.  S.  Tomes  {Op.  59,  p.  94)  adduces  evidence  in 
support  of  the  view  originally  advanced  by  J.  Tomes,  that  Nasmyth's  membrane  is  a 
tliin  layer  of  coronal  cement,  strictly  homologous  with  the  thick  coronal  cement  of 
herbivora.  It  is  continuous  with  the  outer  part  of  the  cement  in  the  fang,  and,  like  it,  is 
developed  from  osteoblasts  derived  from  the  dental  sac.  On  this  view  he  explains  the 
occasional  presence  of  bone-corpuscles  in  Nasmytli's  membrane,  especially  in  fissures  in 
the  enamel.  He  supposes  that  in  most  instances  the  bone-corpuscles  entirely  disappear 
in  the  process  of  calcification,  and  that  the  silver  outlines  seen  by  Waldeyer  in  Nasmy  th's 
membrane  {\>.  115)  are  the  outlines,  not  of  the  epithelial  cells,  but  of  ceU-territories  of  the 
previously  existing  bone-corpuscles.  With  reference  to  the  general  absence  of  lacunae 
from  the  membrane,  he  states  that  the  thinnest  layers  of  irnquestionable  cement  are 
also  without  lacuna?.  Further,  in  this  connection,  Magitot  (quoted  by  Tomes,  Op.  cit. ) 
is  of  opinion  that  the  external  epithelium  of  the  enamel  organ  entii'ely  disappears  before 
the  development  of  the  enamel  prisms  is  completed. 

Formation  of  the  Dentine  and  Pulp. — The  dentine  germ  at  first  consists 
of  mucous  tissue,  with  numerous  capillaries.  Its 
outer  cells  become  transformed  into  a  layer  of 
odontoblasts,  whose  peripheral  processes  become 
the  dentinal  fibres,  and  the  dentinal  matrix  is 
formed  between  them  immediately  external  to 
the  odontoblasts.  As  the  dentine  grows  thicker, 
the  dentinal  fibres  elongate,  and  the  odontoblasts 
recede  from  the  periphery. 

Whether  or  not  the  dentinal  matrix  is  a  secretion  from 
or  a  direct  conversion  of  the  odontoblasts,  is  a  disputed 
point.  Waldeyer  {Op.  38,  i.  489)  holds  that  the  dentine 
is  formed  by  the  direct  conversion  of  several  successive 
layers  of  odontoblasts,  their  central  parts  remaining  as 
the  dentinal  fibres,  while  their  perifiheral  parts  are 
ti'ansfonned  into  the  dentinal  sheaths  and  matrix.  But 
although  the  formation  of  enamel  prisms  tempts  the  mind 
to  entertain  the  conversion  theory,  we  have  failed  to  see  any 
evidence  of  it  in  the  dentine,  and  cannot  but  think  it 
highly  probable  that  the  dentinal  matrix,  at  all  events,  is 
not  formed  in  this  manner,  but — like  the  matrix  of  cartilage 
(p.  77),  and  doubtless  also  that  of  bone — it  is  probably  a 
secretion  from  the  odontoblasts. 


Fig.  S9.  Vertical  section  of 
growing  enamel  and  dentine  from 
young  decalcified  tooth  of  rabbit, 
c,  Enamel  prisms ;  C,  enamel 
cells  in  situ,  but  detached  at  g, 
and  showing  Tomes'  processes  ; 
e",  cells  of  ertemal  layer  and 
stratum  Intermedium  of  enamel 
organ  ;  o,  odontoblasts ;  /,  denti- 
nal fibres  ;  d,  matrix,    x  1200. 


The  matrix  (Fig.  89,  d)  is  collagenous  like 
that  of  bone,  and  is  at  first  uncalcified,  but  after 
a  time  calcification  occurs  at  the  periphery  and 
extends  inwards.  The  calcification  begins  at 
separate  points  that  assume  a  globular  shape,  and,  as  they  grow  larger, 
coalesce.  But  if  the  calcification  is  an-ested  before  coalescence  ensues, 
interglohdar  spaces  are  the  result.  It  would  be  difiicult  to  say  whether 
the  dentinal  sheaths  are  a  transformation  of  the  matrix  or  a  conversion 
of  the  periphery  of  the  dentinal  fibres.  The  central  part  of  the  dentine 
germ  remains  as  the  tooth  pulp. 

The  cement  is  formed  by  ossification  of  the  inner  and  lower  part  of  the 
fibrous  tissue  of  the  dental  sac,  the  outer  part  of  which  becomes  the 
alveola-dental  membrane.  It  has  been  already  stated  that,  in  the  opinion  of 
Tomes,  the  inner  part  of  the  dental  sac  that  covers  the  enamel  is  converted 
into  Nasymth's  membrane.  The  bone  of  the  jaw  grows  in  the  connective 
tissue  at  the  periphery  of  the  dental  sacs,  and  in  this  manner  the  alveoli 
are  formed. 
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Eruption  of  the  Temporary  Teeth. — The  eruption  of  a  tooth  is 
due  to  the  elongation  of  its  fang,  which  raises  the  crown  above  the  level 
of  the  jaw  and  gum,  and  causes  it  to  cut  its  way  by  absorption  through 
the  latter.  The  local  irritation  set  up  by  the  process  is  occasionally  the 
cause  of  a  general  systemic  disturbance,  so  serious  that  it  is  sometimes 
necessary  to  facilitate  the  process  of  eruption  by  incising  the  gum  over 
the  emerging  tooth.  It  is,  therefore,  particularly  important  in  practical 
medicine  to  remember  the  periods  at  which  the  temporary  teeth  severally 
emerge.  Their  eruption  begins  at  the  age  of  seven  months,  and  the  teeth 
that  appear  first  are  the  central  incisors  of  the  lower  jaw.  These  are 
quickly  followed  by  the  central  incisors  of  the  upper  jaw ;  and,  in  like 
manner,  the  rest  of  the  upper  teeth  emerge  immediately  after  the  corre- 
sponding teeth  of  the  lower  jaw,  and  the  teeth  on  both  sides  of  the  jaw 
appear  simultaneously.  The  following  table  indicates  the  months  at  which 
the  temporary  teeth  emerge  : — 


Incisors. 

7,9 


Canines. 

18 


Molars. 

12,  24 


Development  and  Eruption  of  the  Permanent  Teeth. — Although 
the  first  tooth  of  the  permanent  set  (the  front  molar  of  lower  jaw)  does  not 
emerge  until  the  sixth  year,  the  development  of  all  the  permanent  teeth, 
excepting  the  two  last  molars,  begins  at  an  early  period  of  embryonic  life. 
The  incisors,  canines,  and  bicuspids  of  the  permanent  set  are  severally 

developed  behind  the  corresponding  milk-teeth, 
in  follicles — termed  by  Goodsir  cavities  of  reserve 
— that  are  developed  from  an  involution  of  the 
common  enamel  germ  at  the  neck  of  the  follicles 
of  the  milk-teeth  (Fig.  87,  h).  This  secondary 
follicle  becomes  pear-shaped,  and  a  solid  pedicle 
unites  it  to  the  gum  at  the  neck  of  the  milk- 
tooth  (Fig.  90,  c).  The  permanent  tooth  grows 
inside  its  follicle  in  a  manner  precisely  similar 
to  that  of  the  milk-tooth.  Its  sac  becomes 
separated  from  the  socket  of  the  latter  by  the 
growth  of  the  bony  Avail  of  the  alveolus  (Fig. 
Fig.  !)o.  A,  Milk-tooth  (m),  with  90) ;  but  as  the  permanent  tooth  elongates  and 
sac  (j))  and  pedicle  (c)  of  permanent  presses  Upwards,  it  causcs  absorption  of  the 

tooth   detached  frmn  their   bony   ■  ■  ^j^^    ^^^^^^^^    ,,.^11,  and 

recesses  (m' and  J) )  in  a  transverse  o    i  -n  j.     j-U  T"! 

section  of  tlie  lower  jaw  at  an  early  grOWS  into  the  SOCket  01  the  milK-tOOtn.      i  UC 

period  after  the  eniption  of  tiie  pj-ggegg  jg  facilitated  by  the  absorption  of  the 
^:^^o^^Z^'Z  fangs  of  the  milk-teeth,  through  the  agency  of 
permanent  tooth  (A).  B  is  of  the  cells,  as  J.  Tomes  first  pointed  out.  The  cells 
lar'ed  (BUke')  are  osteoclosfs,  or,  as  they  may  be  termed  in 

^'^^^^     "  ^'  this  connection,  odontoclasts,  that  make  their 

appearance  on  the  surface  of  the  fang  in  the  alveolo-dental  membrane. 
The  first  (anterior)  molar  of  the  permanent  set  begins  to  grow  from  the 
deep  dental  groove — in  the  same  manner  as  a  milk-tooth — about  the 
sixteenth  week  of  embryo-life.    According  to  Magitot  and  Legros  (0/;.  12, 
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year  1873),  the  second  permanent  molar  begins  to  grow  about  the  third 
month  after  bu-th,  in  a  cavity  developed  from  the  neck  of  the  follicle 
of  the  first  permanent  molar;  and  the  wisdom  tooth,  in  like  manner, 
grows  in  a  cavity  developed  from  the  follicle  of  the  second  molar,  which 
does  not  appear,  however,  until  so  late  as  the  third  year.  The  following 
table  indicates  the  years  at  which  the  permanent  teeth  emerge : — ^ 

Incisors.  Canines.  Bicuspids.  Molars. 

7,  8    I    11  to  12     I    9,  10    I    6,  12  to  13,  17  to  25 

CHAPTEE  XI. 

CONTRACTILE  TISSUES. 

The  contractile  tissues  are  those  which  give  rise  to  ordinary  mechanical 
motion  by  undergoing  forcible  changes  of  shape.  The  direction  of  their 
movement  may  be  indefinite  or  definite.  Motion  in  an  indefinite  direction 
is  produced  by  the  amoeboid  cells  already  studied,  viz.  blood  and  lymph 
leucocytes,  mucus  corpuscles,  and  the  wandering  cells  of  connective  tissue. 
Muscle,  cilia,  and  certain  pigment  cells,  give  rise  to  motion  in  a  definite 
direction.  As  ciliary  movement  has  been  already  studied  (p.  7 1),  this 
chapter  will  be  devoted  to  contractile  pigment  cells  and  muscle. 

CONTRAGTILE  PIGMENT  CELLS. 

Although  contractile  pigment  cells  are  foreign  to  human  physiology, 
they  are  of  such  physiological  interest  that  they  must  be  considered  here. 
They  occur  largely  in  the  skin,  around  the  visceral  blood-vessels  of  the 
frog,  cameleon,  and  some  other  allied  vertebrates,  and  they  may  be 
readily  studied  in  the  frog's  web.  They  are  modified  connective  tissue 
corpuscles,  which  they  resemble  in  their  flattened  shape  and  branched 
iappearance ;  their  processes  anastomose  with  one  another,  and  with  those 
of  neighbouring  cells  (Fig.  91).  Each  cell  is  nucleated,  and  the  cell  sub- 
stance contains  granules  of  pigment  of  a  dark  brown  colour  in  the  frog, 
which  is  apparently  melanin.  The  cells  are  under  the  influence  of  motor 
nerves,  which,  when  excited,  induce  their  contraction.  In  what  may  be 
termed  the  relaxed  state  of  the  cell,  the  pigment  granules  are  diS"used 
throughout  the  cell  generally,  while  in  the  state  of  contraction  they  are 
partially  or  completely  concentrated  in  its  central  part  (Fig.  92),  the 
general  configuration  of  the  cell-space  remaining  unchanged  (Lister,  Op.  3, 
year  1858).  The  skin  of  the  frog  is  pale  when  the  pigment  is  concen- 
trated, dark  when  difi"used.  In  the  tree-frog  {Hyla  arborea)  Wittich  {Op. 
14,  year  1854)  found  that  the  cells  contract  when  the  skin  is  irritated 

^  For  a  more  detailed  account  of  the  teeth,  the  excellent  work  by  C.  S.  Tomes  (Op.  59) 
and  the  chapter  on  the  Teeth  by  Waldeyer  in  Op.  38,  may  be  consulted  with  advantage. 
In  both,  the  literature  of  the  subject  is  fully  given. 
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mechanically  by  turpentine,  or  by  electricity  ;  when  the  nerves  of  the 
part  or  the  spinal  cord  are  excited  by  electricity  ;  and  when  the  animal  is 
exposed  to  light.    On  removal  of  the  stimulus,  diffusion  of  the  pigment 


V" 


Fig.  01.  Pigment  cell  relaxed.   From  frog's  web.      Fig.  92.  Pigment  cell  partially  contracted. 
X  600.   (Lister.)  X  250.  (Lister.) 

ensues.  He  ascertained  that  the  esculent  frog  {Rana  esculcnta)  is  far  less 
sensitive  to  local  irritation  ;  and  Lister  {Op.  at.)  found  that,  in  the  ordi- 
nary English  frog  {Rana  temporaria)  the  cells  are  little  influenced  by  local 
irritation,  while  they  are  readily  affected  by  direct  irritation  of  their 
nerves,  or  by  the  influence  of  light.  When  the  nerves  of  a  frog's  leg 
are  divided  its  pigment  cells  relax,  and  remain  in  this  condition  as  long 
as  the  circulation  continues,  but  on  its  cessation  they  become  contracted ; 
a  condition  that  is  probably  analogous  to  the  rigor  mortis  of  muscle.  On 
exposing  a  frog,  with  one  '  sciatic  nerve  divided,  to  a  bright  light,  the 
paralysed  limb  remains  dark  while  the  rest  of  the  body  becomes  pale  ; 
showing  that  the  cells  are  excited  by  light — not  directly,  but  through 
their  nerves.  Lister  found  that  after  removal  of  the  frog's  eyeballs  a 
bright  light  was  no  longer  able  to  render  the  skin  pale  ;  showing  that 
the  light  excites  the  pigment  cells  through  an  indirect  {reflex)  nervous 
mechanism  consisting  of  a  peripheral  nerve  termination — the  retina — 
stimulated  by  the  light ;  an  efferent  nerve — the  optic — to  convey  the 
excitement  to  a  nerve-centre  in  the  brain  ;  and  efferent  nerve-fibres — 
contained  in  the  medulla,  spinal  cord,  and  cerebrospinal  nerves — to  con- 
vey it  to  the  pigment  cells.  The  cells  often  contract  Avhen  the  animal 
moves ;  probably  in  that  case  their  movement  is  due  to  emotional 
excitement. 

The  conceutration  of  the  pigment  granules  was  ascribed  by  Wittich  {Op.  cit.)  and 
others  to  contraction  of  the  processes  of  the  cell  protoplasm,  but  Lister  (Op.  cit.)  opposes 
this  idea  because  there  is  no  bulging  in  the  centre  of  the  contracted  cell,  and  also  because 
a  clear  fluid  is  left  in  the  branches  of  the  cell  space.  It  is  to  be  remembered,  however, 
that  when  the  protoplast  of  a  cartilage  cell  shrinks  and  gathers  around  its  nucleus  (Fig. 
39,  e)  fluid  is  expressed  from  the  interstices  of  the  protoplasm,  and  fills  the  periphery  of 
the  cell  space.  To  refer  the  movements  of  tbe  pigment  granules  to  their  carriage  to  and 
fro  in  hyaline  protoplasm  after  the  fashion  of  gi-anules  in  the  pseudopodia  of  an  amoeba 
is  most  in  harmony  with  our  knowledge  of  other  contractile  movements,  and  it  is  difficult 
to  believe  with  Lister  that  the  pigment  granules  alone  move  to  and  fro.  The  point, 
however,  reqiiires  further  investigation,  and  the  anatomical  relations  of  the  nerves  to 
the  cells  also  require  elucidation. 
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MUSCULAR  TISSUE. 

Muscular  tissue  is  the  mainspring  of  most  of  the  mechanical  Avork  of 
the  organism.  It  consists  of  cells  that  are  nearly  always  in  the  form  of 
fibres.  The  protoplasm  of  each  cell  is  differentiated  into  fine  fibrils  that 
are  contractile  and  elastic.  Their  contraction  consists  in  a  forcible  shorten- 
ing, accompanied  by  an  increase  of  thickness.  The  work  they  perform 
is,  however,  always  immediately  referable  to  their  shortening  and  not  to 
their  thickening.  There  are  two  varieties  of  muscular  fibres,  the  striped 
and  the  unstriped.  The  latter  being  the  simpler  of  the  two  will  be 
studied  first. 

Unstriped  Muscle. 

Unstriped,  non-striated,  or  organic  muscular  fibre,  is  found  in  the 
alimentary  canal  below  the  middle  of  the  oesophagus  ;  in  the  trachea  and 
bronchi ;  in  arteries,  veins,  and  lymphatics ;  in  the  bladder,  ureters, 
urethra,  and  in  the  male  and  female  genital  organs.  It  is  also  found  in 
the  skin,  iris,  ciliary  muscle,  and  in  some  other  parts.  In  the  pharynx, 
upper  half  of  the  gullet,  and  heart,  the  muscular  fibre  is  striped  ;  appa- 
rently because  more  rapid  contraction  is  needed  in  these  parts  of  the  hol- 
low viscera  :  the  contraction  of  striped  muscle  being  more  rapid  than  that 
of  unstriped.  As  the  action  of  non-striped  muscle  is,  in  most  instances, 
involuntary,  it  is  sometimes  so  designated.  But  the  term  involuntary  is 
misleading,  for  while  the  heart — an  involuntary  muscle — is  composed  of 
stri2)ed  fibres,  the  urinary  bladder,  which  mostly  acts  under  the  influence  of 
volition,  consists  of  fibres  that  are  unstriped. 

Structure  and  Arrangement  of  the  Fibres. 

The  fibres,  though  sometimes  occurring  singly,  are  for  the  most  part 
arranged  in  groups,  constituting  laminae — as  in  the  blood-vessels  ;  or  dis- 
tinct fasciculi — as  in  the  bladder.  The  fibres  overlap  at  their  ends,  and 
are  within  a  fasciculus  held  together  by  a  connective  substance  named 
the  perimysium  internum  or  endomysium,  consisting  of  a  homogeneous  albu- 
minous matrix  containing  branched  cells  (Fig.  93,  p).  The  fasciculi  are 
enveloped  in  ordinary  connective  tissue  (the  perimysium  externum). 

The  fibres  of  unstriped  muscle  may  be  readily  examined  in  cei'tain 
thin  membranes,  such  as  the  bladder  of  the  frog  and  salamander,  the 
mesentery  of  the  newt,  and  in  small  blood-vessels.  The  fibres  are  mostly 
fusiform,  with  their  ends  undivided  and  tapering  to  slender  points  (Fig. 
9  3,  a,  a') ;  but  sometimes,  especially  in  the  urinary  bladder  and  blood- 
vessels, their  ends  are  branched.  In  the  frog's  bladder  the  fibres  are 
often  triradiate,  and  in  that  of  the  salamander  they  may  have  as  many 
as  five  or  six  processes.  Their  transverse  sections  are  mostly  elliptical, 
sometimes  cylindrical,  but — in  unhardened  fibres — rarely  polygonal.  In 
breadth  they  vary  from  4  to  10  //.  (irijVo"  ^-sjyjy  inch)  in  length — from 
40  to  200  /X  (^i^  to  yig-  inch),  but  in  the  pregnant  uterus  they  are  con- 
siderably longer  (/^  inch).  They  are  colourless  and  transparent,  and 
their  general  substance  has  for  the  most  part  a  homogeneous  aspect,  unless 
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a  longitudinal 


after  treatment  with  certain  reagents,  when  it  exhibits 
fibrillation.  This,  however,  as  Wagener  (quoted  by  Arnold,  Op.  38,  i.  191) 
first  pointed  out,  is  sometimes  dimly  visible  near  the  ends  of  the  fibres 
in  their  fresh  condition.  But  the  fibrillation  becomes  evident  throughout 
the  whole  length  of  the  fibres  when  they  are  placed  for  twenty -four  hours 

in  a  solution  of  ammonium  chro- 
mate  (five  per  cent),  and  after- 
wards stained  with  logwood  or 
picrocarmine.      The    fibres  of 
the  bladder  of  the  Salaniandra 
maculata,    as    recommended  by 
Flemming  {Op.  18,  xiii.  693),  are 
especially  suited  for  the  demon- 
stration of  the  fibrils.    The  me- 
sentery of  the  newt  is  also  avail- 
able, and  has  enabled  Klein  (Op. 
8,  xviii.  328)  to  give  an  excel- 
lent description  of  the  fibres.  A 
fibre  thus  treated  is  seen  to  con- 
sist of  an  axial  band  of  sarcous 
matter,  composed  of  a  bundle  of 
excessively  fine  and  apparently 
homogeneous  fibrils  (Fig.  94,/),  en- 
veloped in  a  sarcolemma  (m).  The 
sarcolemma  of  non-striped  muscle 
(discovered  by  W.  Krause,  Op.  72, 
p.  99)  is  an  extremely  thin  elastic 
membrane,   with    fine  annular 
thickenings     (Klein,     Op.  cit.) 


I 


There  is  generally  a  single  nu- 
cleus placed  about  the  middle  of 
the  fibre.  It  is  of  oblong  shape, 
has  a  membrane,  and  includes  a 
delicate  reticulum  (Flemming,  Op. 
cit.)  According  to  Klein  the 
fibrils  are  continuous  with  the 
intranuclear    reticulum    at  the 


Fig.  94.  Un- 
striped  muscular 
fibre  from  me- 
sentery of  newt 
treated  as  stated 
in  text.  11,  Nuc- 
leus ;  /,  fibrils ; 
m,  sarcolemma. 
X  460.  (Klein.) 


Fig.  93.  Fibres  of  unstriped 
muscle.  (A),  Isolated  after  har- 
dening in  MUUer's  fluid  ;  a,  broad, 
a',  narrow  fibre  from  wall  of  intes- 
tine ;  a",  triradiate  fibre  from  frog's 

bladder.    B,  A  fasciculus  of  fibres  -r,    i  pi. 

cut  transversely  after  hardening  in  poles  of  the  nUcleUS.      Eacll  fibre 

chromic  acid  ;/,flbre^|^»,  nucleus;  non-striped  muscle  is  therefore 
p,  ondomysium.  x     .  ^  ^^^^^  having  a  periplast  (the  sar- 

colemma) enclosing  a  nucleus,  and  protoplasm  modified  into  contractile 
fibrils. 

The  power  of  double  refraction  wliicli  the  fibres  possess  will  be  alluded  to  under 
Striped  Muscle. 

Striped  Muscle. 

Striped,  striated,  or,  as  they  are  sometimes  though  improperly  termed, 
voluntary  muscular  fibres,  are  the  contractile  elements  in  all  the  muscles 
of  the  trunk,  diaphragm,  heart,  pharynx,  and  upper  half  of  the  oesophagus, 
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in  the  sphincter  of  the  bladder  and  external  sphincter  of  the  anus,  and 
in  the  muscles  of  the  outer  and  middle  ear.  The  cardiac  fibres,  being  in 
some  respects  peculiar,  will  be  described  separately. 


Stmcture  and  Arrangement  of  the  Fibres  of  Ordinary  Striped  Muscle. 

The  fibres  of  ordinary  striped  muscle  are  cylindrical,  and  taper  to 
ends  that  are .  mostly  undivided,  but  in  the  tongue,  in  the  straight  and 
obHque  muscles  of  the  eyeball,  and  in  the  facial  muscles  that  are  con- 
nected with  the  skin,  the  fibres  are  branched.  The  breadth  of  the  fibres 
is  least  in  the  face,  greatest  in  the  limbs,  and  varies  from  10  to  60 
(stVu-  to  TOir  inch).  Their  length  varies  from  an  inch  and  a  half  down- 
wards. 

Structure. — Each  fibre  is  a  modified  cell  having  an  envelope — the 
sarcolemma,  enclosing  several  nuclei — the  muscle-corp^lsdes,  and  a  mass  of 
soft  contractile  matter — the  sarcous  substance.  The  latter  is  a  modifica- 
tion of  the  protoplasm  of  the  embryonic  cell,  from  which  each  fibre  is 
developed. 

The  Sarcolemma  is  a  colourless,  transparent,  homogeneous,  elastic 
membrane,  chemically  resembling  elastic  tissue.  Although  exceedingly 
thin,  it  is  tough,  and  much  less  easily  torn  than  the  relatively  thick 
cy Under  of  sarcous  matter  which  it  encloses  (Fig.  95).  It  is  connected 
by  annular  attachments  with  the  sarcous  substance  at  short  intervals 
throughout  the  length  of  the  fibre  (Fig.  100,  s). 

The  Nuclei  or  muscle-corpuscles  are  found  immediately  below  the 
sarcolemma  in  mammals, 
but  in  the  frog,  water- 
beetle,  and  many  other 
animals,  they  also  occur 
in  spaces  amidst  the  sar- 
cous substance  (Fig.  101, 
n').  Those  under  the  sar- 
colemma are  flattened  and 
oval,  and  occur  irregularly 
throughout  the  length  of 
the  fibre  (Fig.  101,  n). 
Their  presence  is  obscured  by  their  being  enveloped  in  a  small  quantity 
of  undiff'erentiated  protoplasm.  But  when  this  is  rendered  transparent 
by  acetic  acid,  or  when  some  staining  agent  is  added,  they  are  rendered 
evident. 

The  Sarcous  Substance  has  a  somewhat  complicated  structure, 
which  has  been  and  is  now  the  subject  of  no  little  controversy.  The 
following  account  is  therefore  mainly  confined  to  facts  ■which  we  know  to 
be  capable  of  demonstration.  The  sarcous  matter  is  crossed  by  a  series 
of  alternately  dim  and  clear  stripes  or  bands,  which  give  a  characteristic 
appearance  to  the  fibres  (Fig.  96).  The  stripes,  although  evident  enough 
in  vertebrate  muscle,  may  be  most  advantageously  studied  in  that  of  some 
invertebrates,  because  of  the  larger  size  of  the  morphological  elements  of 
which  they  are  composed.     The  muscle  of  the  common  water-beetle 


Fig.  95.  Fragment  of  striped  muscular  flljre  of  skate,  showing 
the  sarcolemma  (o)  between  the  ends  of  the  torn  sarcous  matter. 
(Bowman.) 
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(Dytiscus  marginalis)  is  specially  suitable,  because  of  the  api^arently  close 
similarity  in  essential  details  between  its  structure  (Fig.  96)  and  that  of 
vertebrate  muscle  (Fig.  98).  The 
muscle  of  another  water-beetle — 
the  HydropMlus  piceus,  and  that  of 
the  bee  (Fig.  97),  are  also  suitable. 

Living  fibres  excised  from  the 
leg  or  wing  muscles  of  the  dytis- 
cus, dissociated  with  needles,  and 
examined  at  once,  in  their  own 
juice,  or  in  an  aqueous  solution  of 


Fig.  m.  Part  of  a  freali 
striped  muscular  fibre  from 


sodium  salicylate  (one  per  cent), 


the  common  water-beetle  with  a  pOWer  of  300  diam.,  readily  st'iped  muscular  libra 
—    •   -•       -  -       -  --  -  of  tlie  bee  after  hanlen- 


{Dytiscusmarginalis).  d,  Dim 
stripe ;  c,  clear  stripe.  X 
800. 


show  the  alternate  dim  and  clear 


transversely  between 
tlie  clear  and  dim 
stripes,  and  longitudi- 
nally between  tlie  sar- 
cous  elements,  x  800. 


ing  in  alcohol,   d,  Dim 

transverse  stripes.  A  fine  dim  line  strfpo ;  c,  clear  stripe ; 
crosses  the  fibre  in  the  middle  of  ''"P'^  ' 

..  T  •,!  Tionl  of  the  same 

the  clear  stripe,  and  may  with  propriety  be  named  mnscie.  At  the  upper 
Dobie's  stripe  after  its  discoverer  (Fig.  97,  d').  It  is  part  the  nbro  has  split 
scarcely  visible  with  a  power  of  300  diam.,  and  can 
only  be  fairly  studied  with  a  power  of  at  least  1200 
diam.  (Fig.  100,  d').  The  stripes  are  in  no  way  due 
to  the  sarcolemma,  but  are  confined  to  the  sarcous 
substance,  in  which  they  are  not  superficial  markings,  but  result  from 
a  special  arrangement  of  its  morphological  elements  throughout  its 
whole  thickness. 

At  first  the  fibre  shows  no  longitudinal  striation.    In  a  short  time, 
however,  a  change  takes  place  in  the  excised  yet  living  muscle,  whereby 
a  regular  system  of  thin,  dark,  longitudinal  lines  makes  its  appearance. 
They  are  most  evident  in  the  dim  stripe  (Fig.  97) — its  substance  being 
more  refractile  and  less  transparent  than  that  of  the  clear  stripe — but 
they  are  certainly  continued  through  the  clear  stripe  (Fig.  100).  The 
longitudinal  striae  are  at  regular  intervals,  and  are  the  outlines  of  fibrils, 
of  which  the  sarcous  substance  appears  essentially  to  consist.    Each  fibril 
consists  of  segments  of  the  dim,  of  the  clear,  and  of  Dobie's  stripes  (Fig. 
97,  f),  and  it  is  by  the  lateral  apposition  of  the  corresponding  segments  of 
neighbouring  fibrils  that  the  stripes  of  the  fibre  are  composed.    The  seg- 
ments which  compose  the  dim  stripe  are  the  sarcous  elements  of  Bowman, 
and  these — as  we  shall  see — constitute  the  contractile  part  of  the  fibre. 
The  spontaneous  revelation  of  the  fibrillar  outlines  in  the  excised  yet 
living  and  contractile  fibre,  is  a  phenomenon  as  difficult  to  explain  as  the 
spontaneous  revelation  of  the  nucleus  in  a  newt's  blood-corpuscle  shortly 
after  its  withdrawal  from  the  circulation  (p.  57).    The  fibrils  are  envel- 
oped and  united  by  a  small  amount  of  interstitial  substance,  and  it  has 
been  alleged  that  their  revelation  is  due  to  an  increase  of  this  by  the 
separation  of  fluid  from  the  fibrils.    In  the  frog  and  many  other  verte- 
brates the  outlines  of  the  fibrils  do  not  become  revealed  so  readily  as  in 
the  dytiscus,  but  by  prolonged  maceration  in  dilute  solution  of  chromic 
acid      per  cent),  or  in  weak  alcohol,  the  interfibrillar  substance  is  soft- 
ened while  the  fibrils  are  hardened,  so  that,  when  the  fibres  are  torn  with 
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Tig.  99.  Fibre  o 
striped  nnisole  par- 
tially split  into  discs. 
(Bowman.) 


needles,  or  subjected  to  pressure,  they  readily  split  into  fibrils  (Fig.  98). 
On  the  other  hand,  digestion  for  a  short  time  in  gastric  juice,  or  macera- 
tion for  some  days  in  dilute  hydrochloric  acid  (2  per  cent),  renders  the 
sarcous  matter  prone  to  cleave  trans- 
versely into  a  series  of  discs  (Fig. 
99).    The  transverse  cleavage  takes 
place  between  the  dim  and  the  clear 
stripes  (Fig.  97).    In  the  opinion  of 
Bowman  {Op.  53a,  i.  152),  "it  is 
as  proper  to  say  that  the  fibre  is  a 
pile  of  discs,  as  that  it  is  a  bundle  of 
fibrils ;  but,  in  fact,  it  is  neither 
the  one  or  the  other,  but  a  mass  in 
whose  structure  there  is  an  intima- 
tion of  the  existence  of  both,  and  a 
tendency  to  cleave  in  two  directions." 
With  Kolliker  (Op.  45,  p.  143),  we 
dissent  from  this  opinion,  because     Rg.  98.  striped  mus- 
cleavage  into  discs  only  takes  place  par- 

*      ,    ,  ,  \,        tially  spbt  mto  flbrils 

in  macerated  muscle,  and  even  then  (/)  after  maceration  in 
it  is  rare  ;  while  the  fibrils  make  ^I'l^te  chromic  acid  and 
their  appearance  in  the  yet  fresh  and 
living  muscles — of  the  dytiscus  and  across,  x  300. 
allied  animals  at  all  events.  The 

dim  and  clear  stripes  are  often  spoken  of  as  the  dim  and  clear  discs,  but 
although  such  nomenclature  is  convenient  when  speaking  of  the  fibre, 
it  must  be  borne  in  mind  that  the  discs  of 
the  fibre  are  mere  optical  expressions  of  certain 
regular  arrangements  of  the  dim  and  clear 
prismatic  segments  of  the  fibrils.  In  striped  as  in 
unstriped  muscle,  the  essential  morphological 
elements  appear  to  be  contractile  fibrils. 

In  the  uncontracted  muscle  of  the  dytiscus, 
the  dim  stripe  is  three  or  four  times  the  breadth 
of  the  clear  stripe.  Its  aspect  is  homogeneous 
until  the  outlines  of  the  dim  fibrillar  segments — 
the  sarcous  e/emerafe— become  revealed.  It  is 
more  refractile  than  the  substance  of  the  clear 
stripe,  and  has  a  somewhat  pearly  shimmer. 
The  sarcous  elements  are  prisms  slightly  rounded 

at  the  ends,  and  have— in  their  fresh  state  at    ,  ^'g- f,!,^^^^^ 

,      '  .„  striped  muscular  fibre  of  dytiscus 

all  events — an  apparently  uniform  calibre  (Fig.  after  the  revelation  of  the  fibrillar 

100,  A),  but  in  muscle  which  has  been  forty-  outlines,       Dim  stripe ;  c,  clear 

eight  hours  or  so  in  _|  per  cent  solution  of  osmic  siZ'affi^fSy^S^^^^ 
acid  they  appear  thinner  in  the  middle  than  at  per  cent  solution  of  osmic  acid,  s, 
the  extremities  of  their  shafts  (B).    Their  trans-  8f°°iemma  attached  to  Dobie's 

,.  ,  ,        /T-,.      stripe,  and  swollen  up  by  imbibi- 

verse   sections   are   somewhat   angular  (Fig.  tion  m  the  intervals.  xi20o 

101,  I). 

The  sarcolemma  is  attached  to  Dobie's  stripe  (Fig.  100,  B).  The 
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attacliment,  however,  is  not  very  intimate,  for  it  may  be  ruptured  by  the 
imbibition  of  water.  According  to  Krause  {Op.  72,  i.  83)  Dobie's  stripe 
is  due  to  a  thin  membrane  ("  Krause's  membrane  ")  which  traverses  the 
whole  thickness  of  the  fibre,  and  is  attached  to  the  sarcolemma  at  its 
periphery.  After  much  searching  for  this  membrane  Ave  have  failed  to 
find  it,  but  we  have  succeeded  in  seeing  clearly  a  single  row  of  highly 
refracting  globules  which  appear  to  be  the  cause  of  Dobie's  stripe  (Fig. 
100,  A,  d').  These  globules  were  first  indicated  by  Wagener  {Op.  24,  i. 
p.  118).  There  is  one  globule  in  the  course  of  each  fibril.  It  is  difficult  to 
say  whether  the  globule  is  imbedded  in  the  clear  segment  of  the  fibril, 
or  forms  a  distinct  partition  in  the  middle  of  it.  When  thrown  slightly  out 
of  focus  a  bright  line  crosses  the  centres  of  the  globules,  and  there  is  then 
the  appearance  of  a  "  double  row  of  dots,"  in  which  manner  they  have 
been  figured  by  several  observers,  and  by  myself  (Fig.  96)  before  I  had  a 
lens  capable  of  resolving  the  structure.  These  globules  resemble  a  row 
of  fine  beads  when  the  surface  of  the  fibre  is  focussed  and  very  carefully 
illuminated.  Each  globule  has  a  light  centre  with  a  dark  outline.  In 
the  fibre,  and  also  in  the  isolated  fibril,  there  is  a  slight  bulging  of  the 
clear  stripe  opposite  the  globules  of  Dobie's  line.  The  dip  of  the  clear 
stripe  on  either  side  of  them  becomes  more  marked  when  the  fibre  or 
fibril  is  stretched.  I  have  not  been  able  to  see  any  evidence  of  a  lateral 
attachment  between  the  fibrils  in  the  position  of  Dobie's  stripe  such  as 
exists  between  it  and  the  sarcolemma. 

The  portion  of  the  clear  stripe  on  either  side  of  Dobie's  line  consists 
of  a  feebly  refractile  soft  substance.  By  some  it  is  regarded  as  a  fluid, 
but  one  might  just  as  well,  and  with  equal  impropriety,  regard  protoplasm 
as  a  fluid.  It  has  normally  a  homogeneous  appearance,  but  often  it  is 
somewhat  granular.  The  granules  are  fatty,  and  mostly  lie  between  the 
fibrils.  Unlike  the  substance  of  the  sarcous  elements,  that  of  the  clear 
stripe  does  not  appear  to  be  contractile.  Both  of  them,  however,  are 
soft,  extensible,  and  clastic.  The  general  substance  of  the  clear  stripe  is 
stained  much  less  deeply  by  logwood  and  picrocarmine  than  the  sarcous 
elements  and  the  globules  of  Dobie's  line. 

For  convenience  I  have  spoken  of  the  whole  of  the  space  between  tlie  ends  of  the 
sarcous  elements  as  the  clear  stripe,  regarding  it  as  divided  into  two  parts  by  the  globules 
of  Dobie's  line.  By  those  who  believe  in  Krause's  membrane,  however,  the  clear  stripe 
is  described  as  intervening  between  it  and  the  sarcous  elements. 

The  appearance  known  as  Hensen's  stripe  may  be  readily  seen  crossing  the  middle  of 
the  sarcous  elements  after  they  have  been  stained  with  logwood,  each  sarcous  element 
being  somewhat  lighter  in  its  centre  than  at  its  extremities.  It  may  also  be  very  clearly 
seen  after  the  fibres  have  been  macerated  in  ^  per  cent  osmic  acid  for  forty-eight  hours. 
Hensen's  stripe  is  an  optical  eflFect  for  which  it  is  difficult  to  accoimt,  but  we  are  unable  to 
find  sufficient  evidence  of  its  being  due  to  a  less  refractile  segment  in  the  middle  of 
each  sarcous  element,  as  maintained  by  Hensen  (Op.  23,  1868,  p.  853). 

The  striped  muscle  of  vertebrates  diff'ers,  but  only  in  details,  from  that 
of  the  dytiscus.  The  fibres  and  fibrils  of  the  latter  are  broader,  and 
their  sarcous  elements  longer.  In  the  uncontracted  frog's  muscle  the  dim 
stripe  is  rather  less  than  twice  the  breadth  of  the  clear  stripe. 

In  a  transverse  section  of  striped  muscle,  frozen  while  living,  and 
placed  in  contact  with  no  fluid  save  blood-serum,  the  contents  of  the  sar- 
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cons  elements  appear  as  dim,  somewhat  angular,  areas,  bounded  by  dear 
outlines  (Fig.  101,  h).  According  to  Ejrause  (Op.  72,  p.  87)  this  appear- 
ance results  from  the  separation  of  fluid 
from  the  sarcous  elements,  for  when  per- 
fectly unchanged  their  transverse  sections 
are  bounded  by  thin  dark  lines,  and  their 
appearance  therefore  corresponds  to  tlie 
longitudinal  view  in  Fig.  100,  A.  The 
fibrils  are  grouped  into  bundles,  between 
which  there  is  a  ramifying  system  of 
lymph  spaces.  In  the  frog's  muscle,  but 
not  in  that  of  the  rabbit  or  man,  a 
nucleus  occurs  here  and  there  between 
the  fibrillar  bundles  (Fig.  101,  n'),  and  in 
a  similar  situation  there  are  highly  refrac- 
tile  particles  whose  nature  and  signifi- 
cance are  as  yet  doubtful  (a). 

Cohnheim  {Op.  19,  xxxiv.  606)  was  the  first 
to  describe  the  appearance  of  a  transverse  section 
of  frozen  striped  muscle,  but  his  drawings  do 

not  indicate  the  fascicular  arrangement  of  the  ^.                     ^  transverse  section 

fabrils     The  dim  parts  of  such  a  section-which  „f  .j,;,,,^           „f  ^ 

we  believe  to  be  the  transverse  sections  of  the  i„g_   s,  Saroolemma ;  n,  nucleus;  b,  ends 

sarcous  elements— are  often  spoken  of  as  "  Cohn-  flbrils ;      nucleus  between  the  bundles 

neiin  s  areas.  of  mv\ii  -,  a,  clear  particles  in  lymph 

T.        -n    1           •  1      ,     /.           ,T  spaces  between  the  fasciculi  of  fibrils. 

it  Will  be  evident  from  the  pre-  1200. 
ceding  that  the  view  we  hold  regard-  _ 

ing  the  structure  of  the  striped  muscle  of  the  dytiscus,  and  which 
seems  applicable  to  that  of  vertebrates,  is  that  the  sarcous  substance 
in  each  fibre  consists  of  bundles  of  fibrils  with  intervening  lymph 
spaces,  that  -the  fibrils  are  surrounded  by  a  small  amount  of  clear  in- 
terstitial matter,  and  that  each  fibril  consists  of  alternate  dim  segments 
—  the  sarcous  elements  and  clear  segments  —  the  latter  containing  in 
their  middle  part  a  bright  refracting  globule.  The  sarcolemma  is 
attached  to  Dobie's  stripe,  but  there  is  no  sufficient  evidence  of  a  mem- 
h-ane  crossing  the  fibre  in  the  position  of  that  stripe.  Other  views 
have,  however,  been  advanced  regarding  this  difficult  subject,  and  it  is 
proper  that  some  of  them  should  be  stated. 

It  has  been  already  indicated  that,  in  the  opinion  of  Krause,  the  fibre  of  striped 
muscle  is  divided  transversely  into  a  number  of  compartments  by  a  series  of  membranes, 
which  severally  occupy  the  position  of  Dobie's  lines,  and  are  attached  to  the  sarcolemma 
at  their  periphery.  Merkel  {Op.  65,  p.  83),  indeed,  regards  each  transverse  membrane 
of  Krause  as  being  in  reality  double.  Krause  further  believes  that  a  series  of  thin 
membranes  are  attached  vertically  to  the  transverse  partitions  dividing  the  sarcous 
matter  into  minute  compartments  or  "caskets"  {Muskelkastchen),  each  containing  a 
"  muscle  element  "  consisting  of  a  sarcous  element,  and  at  both  ends  of  it  a  clear  fluid 
representing  one-half  of  a  segment  of  the  clear  disc.  He  compares  his  "caskets"  to 
the  cells  of  a  honeycomb.  He  regards  the  fibrils  as  entirely  artificial,  and  consisting  of 
a  linear  series  of  "caskets."  Wagener  {Op.  24,  i.  118) — although  he  denies  the  exist- 
ence of  Krause's  transverse  membrane-s — believes  in  the  vertical  membranes,  and  sup- 
poses  that  the  fibrUs  are  severally  enveloped  by  them.  But,  like  Engehnann  {Op.  24, 
ii.  124),  we  are  not  convinced  of  their  existence.  I  feel  obliged  to  entirely  dissent  from 
the  opinion  expressed  regarding  the  structure  of  the  striped  muscle  of  the  dytiscus  held 
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Fig.  102.  Striijeil  liiu.srulur  llbii!  of  dytiscus, 
relaxed  at  r,  partially  contracted  at  o  and  c',  com- 


by  Mr.  Schafer,  and  detailed  by  him  in  Op.  57.  I  have  taken  the  muscle  of  the  dytiscus 
as  typical,  because  the  structure  of  its  fibrils  appears  to  be  essentially  similar  to  tiiat  of 
vertebrate  muscle.  But  it  ought  to  be  mentioned  that  in  some  other  invertebrates  the 
tully-formed  striped  muscle  somewhat  diifers  from  that  of  the  dytiscus.  Thus  Encel- 
niann  {Op.  17,  xviii.  1)  describes  in  the  fibres  of  Telephorus  melanurus  a  transverse  row 
of  rounded  particles  on  both  sides  of  the  globules  of  Dobie's  line. 

Appearance  of  the  Contracted  Fibre.— The  striped  muscle  of  the 

dytiscus  is  suitable  for  the  study  of 
contraction,  because  of  the  large  size 
of  its  sarcous  elements.  If  some  fibres 
of  the  living  muscle  be  dissociated 
with  needles  in  sodium  salicylate 
solution  (one  per  cent)  and  examined 
immediately,  one  may  see  contrac- 
tions of  the  fibres  induced  by  the 
mechanical  irritation,  but  they  are 
too  rapid  and  evanescent  to  allow  of 
their  successful  study.  After  a  few 
minutes,  however,  the  fibres  begin 
slowly  to  pass  into  the  condition  of 
rigor  mortis.  In  dissociated  fibres, 
its  supervention  is  indicated  by  a 
slow  and  permanent  contraction,  that 
pieteiy  contracted  at  c".  x  800.  The  figure  shows  mostly  begins  at  the  cut  ends  of  the 

the  relative  shortening  of  the  dim  and  clear  stripes  i-  i  .  .i  ■ 

in  the  contracted  part.  To  avoid  confusion  the  Abres,— sometimes,  however,  at  their 

clear  stripe  has  been  Itept  light  in  the  contracted  sideS.  If  a  Solution  of  OSmic  acid 
part,  although  it  really  becomes  darker  than  the  /q^^q  cent)  be  added  before  the 

dim  stripe  wlien  viewed  with  direct  light  (see      i    i      f,        .      ,  i  .i 

whole  fibre  is  shortened,  the  con- 
traction is  arrested  and  the  sarcous 
matter  is  killed  and  fixed  in  the  seve- 
ral states  of  relaxation,  of  partial 
and  of  complete  contraction.  Dur- 
ing contraction  the  fibre  shortens  and 
thickens,  and  it  is  not  difficult  to  see 
that  the  dim  disc  is  that  in  which  the 
shortening  principally  occurs.  In  a 
fibre  that  has  been  severed  from  its 
detachments,  and  which  is  therefore 

Fig.  103.  Part  of  a  striped  fibre  of  dytiscus,  ^ee  to  Contract  to  its  fuUest  extent, 
showing  one  side  contracted  (c),  and  the  other  the  sarcous  elements  can  be  distinctly 

relaxed  (r).  s,  Sarcolemma.  x  1600.  Drawn  after  g^g^  especially  after   slight  Stain- 

fixation  by  osmic  acid.    The  last  three  particles  .  .  .  '■      .         .  .  /i 

visible  in  Dobie's  line  to  the  right  are  represented  mg  With  eOSm  Subsequent  tO  the  OS- 

as  too  oval,  and  the  fully  contracted  sarcous  ele-  niic  acid  shortened  to  aboilt  one- 

ments  are  a  little  too  narrow,  and  their  dark  out-  ^^^^  j^^^        ^j^^^  Original 

lines  not  quite  broad  enough.  %    t      i  7 

length  (Fig.  103,  c).  In  the  early  stage 
of  contraction  there  is  no  perceptible  change  in  the  breadth  of  the  clear 
stripe,  but  when  the  detached  fibre  is  fully  contracted,  the  clear  stripe  is 
only  about  two-thirds  of  its  former  breadth.  This  slight  change  in  all 
likelihood  results  from  its  extension  laterally  by  the  thickening  of  the 
contracted  sarcous  elements.    The  sarcous  elements  therefore  appear  to  be 


Fig.  lOS). 
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the  contractile  parts  of  the  striped  fibre,  and  the  subdivision  of  the  con- 
tractile substance  into  minute  masses  is  a  point  of  interest. 

During  contraction  the  clear  stripe  grows  dim,  indeed  dimmer  than  the  sarcous 
element  stripe,  and  it  becomes  impossible— probably  owing  to  the  dimness — to  recognise 
the  particles  of  Dobie's  line.  This  singular  change  may  be  well  studied  when  there  is  a 
imilateral  contraction  of  the  fibre  (Fig.  103).  The  first  indication  of  the  change  is  a 
thickening  of  the  shadow  at  the  ends  of  the  sarcous  elements,  which  dnring  their  con- 
traction appear  to  become  more  refractile.  The  shadow  deepens  as  they  become  more 
fully  contracted,  and  eventually  the  shadows  of  the  ends  of  the  opposite  sarcous  elements 
appear  to  cross  the  clear  stripe,  and  shade  it  completely,  so  that  it  becomes  impossible  to 
see  the  particles  of  Dobie's  line  (Fig.  103).  Probably  the  thickening  of  the  fibre  is  also 
a  cause  of  the  darkening  during  contraction,  for  in  the  contracted  state  the  sarcous 
clement  stripe  also  becomes  slightly  dimmer.  It  is  however  possible,  by  a  careful  adjust- 
ment of  the  illumination,  to  render  the  clear  stripe  of  the  contracted  fibre  again  lighter 
than  the  sarcous  element  stripe,  which  can  always  be  recognised  by  its  opalescent 
shimmer.  At  the  margin  of  the  contracted  fibre  the  sarcolemma  may  sometimes  be 
seen  bulging  slightly  opposite  the  dim  stripe,  and  dipping  down  to  its  attachment  to 
the  clear  stripe  (Fig.  103,  s),  but  often  there  is  no  bulging. 

Appearance  of  the  Fibres  in  Polarised  Light.  — When  the 
fibres  of  striped  muscle  are  placed  under  the  micro-polariscope  and  exa- 
mined in  a  field  darkened  by  crossing  the  planes  of  polarisation  of  both 
Nicol's  prisms  at  right  angles  to  each  other,  those  fibres  which  cut  the 
planes  of  both  prisms  at  angles  varying  from  0°  to  90°,  but  especially  at 
45°,  show  a  gray  band  in  the  position  of  each  dim  stripe,  and  a  dark 
band  in  that  of  the  clear  stripe.  Briicke  {Op.  38,  i.  235),  who  was  the 
first  to  carefully  investigate  this  subject,  found  that  the  sarcous  elements 
are  doubly  refractile  {anisotropic,  av  -  icros  unequal,  rpoirrj  bending),  while 
the  substance  of  the  clear  stripe  is  singly  refractile  {isotropic).  The 
elements  of  Dobie's  stripe  also  appear  to  be  doubly  refractile  (Krause,  Op. 
72).  Briicke  found  that  the  sarcous  elements  are  uniaxial — the  axis  being 
longitudinal — and  that  their  double  refraction  is  positive  like  that  of 
quartz.  Since  they  remain  anisotropic  during  contraction  notwithstanding 
their  change  of  shape,  Briicke  concluded  that  they  contain  minute 
mobile,  doubly  refractile  particles  {disdiaclasts,  Sta/cAaw  to  break),  to  which 
the  anisotropic  property  of  the  sarcous  element  is  referable.  Martyn 
{Op.  73,  iii.  233)  has  pointed  out  that  a  single  fibril  has  no  apparent 
influence  on  the  polarised  ray.  Several  sarcous  elements  must  be  superim- 
posed ere  any  perceptible  eflPect  is  produced. 

The  effect  on  the  polarised  ray  may  be  most  delicately  shown  by 
using,  in  addition  to  two  Nicol's  prisms,  a  mica  or  selenite  plate  below  the 
object.  When  a  fibre  is  placed  at  an  angle  of  45°  to  the  polarising  prism, 
and  the  analyser  is  slowly  turned,  the  anisotropic  parts  pass  through  a 
succession  of  colours  differing  from  that  of  the  general  field,  while  the 
isotropic  parts — having  no  eff"ect  on  the  direction  of  the  polarised  ray — 
remain  of  the  same  colour  as  the  field.  Rouget  {Op.  70,  v.  247),  on 
grounds  that  are  altogether  insufiicient,  maintains  that  the  whole  fibre 
doubly  refracts  light. 

When  the  fibres  of  non-striped  muscle  are  examined  as  above  stated, 
they  are  found  to  be  doubly  refractile.  Probably  this  property  is  pos- 
sessed by  the  sarcous  fibrils  only. 

Colour  of  the  Fibres. — The  red  colour  of  striped  muscle  is  due  to 
haemoglobin  which  exists  in  the  sarcous  matter  apart  from  that  in  the 
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blood,  as  may  be  proved  by  muscle  retaining  its  colour  when  all  the 
blood  is  washed  out  of  its  capillaries.  According  to  Ray  Lankester  {Op. 
1,  vi.  241),  haemoglobin  is  found  in  the  pharyngeal  muscles  of  some  Gas- 
teropods  which  have  no  hEemoglobin  in  their  blood.  As  in  the  case  of  the 
blood-corpuscles,  the  fibres  are  red  when  seen  in  mass,  but  pale  yellow 
when  viewed  individually. 

W.  Krause  (Op.  71,  p.  24)  first  pointed  out  that  in  the  rabbit  some  muscles  are  red, 
of  firm  consistence  and  high  elasticity,  while  others  are  pale,  soft,  and  flabby.  Amongst 
those  that  are  red  are  the  muscles  of  mastication,  most  muscles  of  the  fore-limb,  and 
several  of  those  of  the  hind-limb,  e.g.  the  semitendinosus  and  soleus.  The  adductor 
magnus,  and  most  other  voluntary  muscles,  are  pale.  Ranvier  (0;;.  11,  1874,  p.  1) 
also  finds  that  in  the  guinea-pig,  skate,  and  torpedo  there  are  similar  difterences. 
He  observed  that  in  the  red  muscles  of  the  rabbit  there  are  fusiform  dilatations  on  the 
capillaries ;  but  he  showed  that  the  redness  of  the  muscle  is  assignable  to  the  fibres 
themselves,  and  not  to  a  greater  amount  of  blood  in  the  muscle,  for  when  he  washed 
the  blood  from  the  vessels  of  the  red  and  pale  muscles,  the  difference  of  tint  remained. 
On  comparing  the  fibres  of  the  red  semitendinosus  with  those  of  the  pale  vastus  internus 
of  the  rabbit,  Ranvier  found  that  in  the  former  the  nuclei  are  more  numerous,  the  trans- 
verse sti'iation  less,  and  the  longitudinal  striation  more  marked  than  in  the  latter.  E. 
Meyer  (Op.  24,  iv.  Ab.  i.  110),  however,  has  shown  that  the  semitendinosus  is  excep- 
tional, and  that  there  is  no  notable  structural  difl"erence  between  the  other  red  and  pale 
muscles  of  the  rabbit.  Ranvier  (Op.  cit.)  discovered  that  both  in  the  rabbit  and  skate 
the  contraction  of  the  red  differs  from  that  of  the  pale  muscles  in  following  the 
stimulus  less  rapidly  and  in  lasting  a  longer  time.  This  point  has  also  been  investi- 
gated by  Kronecker  and  Stirling,  and  will  be  again  alluded  to  in  another  place.  Meyer 
(Op.  cit.)  holds  that  the  tint  of  a  muscle  is  conditioned  by  its  function, — the  more  the 
muscle  works  the  deeper  does  its  colour  become.  This  point,  however,  requires  farther 
research.    (Consult  also  W.  Krause,  Op.  72,  p.  90). 

Relations  of  the  Fibres. — a.  To  each  other, — The  fibres  of  striped 
muscle  are  gathered  into  fasciculi  of  various  sizes.  Each  fasciculus  is 
enveloped  in  a  sheath  of  ordinary  fibrous  tissue — the  perimysium  externum 

— which  sends  delicate  processes  between 
the  fibres — the  perimysium  internum  or 
endomysium.    The  processes  of  the  inter- 
nal perimysium  do  not  form  a  continu- 
ous  covering  to  the  individual  fibres 
(Fig.  104,  p).    In  muscles  that  are  more 
than  an  inch  and  a  half  in  length  a 
single  fibre  does  not  extend  throughout 
the  whole  length  of  a  fasciculus,  and 
thus  reach  from  one  end  of  the  muscle 
Fig.  104.  TrnnsvEise  section  of  a  fascicu-  to  the  other,  but  the  fibres  terminate 
iu8  of  striped  muscle  with  its  cainiiaries  .^yiy^j^   the  fasciculi  in  tapering  ends 
"'"^  (Rollett).    At  the  end  of  the  fibre  the 

sarcolemma  is  intimately  united  with 
the  perimysium,  and  through  this  with  the  ends  of  the  neighbouring  fibres. 
In  addition  to  uniting  the  fibres  throughout  the  length  of  a  muscle,  and 
thus  enabling  the  contraction  of  each  fibre  in  a  muscle,  however  long, 
to  be  effective  in  approximating  the  ends  of  the  muscle,  the  perimysium 
protects  the  fibres  and  also  the  blood-vessels  and  nerves  from  injury  by 
external  pressure. 

b.  To  Tendon. — The  attachment  of  the  fibres  of  tendon  to  those  of 
muscle  is  so  intimate  that  it  is  impossible  to  separate  them  by  mechanical 
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means,  and  they  sometimes  have  the  superficial  appearance  of  being  con- 
tinuous with  the  fibrillse  of  the  sarcous  matter.  But,  according  to  Weis- 
mann,  Fredericq  {Op.  24,  iv.  109),  Ranvier  {Op.  39,  p.  503),  and 
others,  the  sarcolemma  always  intervenes  between  the  sarcous  matter  and 
the  tendinous  fibres.  Eanvier  demonstrates  this  by  plunging  the  living 
muscle  (of  a  decapitated  frog)  into  water  at  55°  0.  The  sarcous  matter 
is  coagulated  and  forcibly  retracted  from  the  ends  of  the  fibres,  leaving 
the  sacrolemma  visible  within  the  tendinous  fibres, 

It  has  not,  however,  been  satisfactorily  shown  thp.t  there  is  not  a  union  between  the 
sarcous  fibrils  and  the  sarcolemma  at  the  ends  of  the  fibre.  The  undoubted  attachment 
of  the  sarcolemma  to  Dobie's  lines  can  be  ruptured  by  means  less  violent  than  the  irri- 
tating effect  of  hot  water  (see  p.  128).  On  d  priori  grounds  one  would  ejcpect  to  find 
such  a  union,  in  order  that  the  mechanical  energy  of  the  sfircous  fibrils  may  be  transmitted 
in  a  direct  line  to  the  tendon,  as  well  as  indirectly  through  the  attachment  of  the  sarco- 
lemma to  Dobie's  lines.  Ranvier  maintains  that  the  sarcolemma  does  not  become 
fibrous  at  the  ends  of  the  fibre,  as  asserted  by  Wagener  (Op.  24,  iii.  100)  ;  but  that  it  is 
merely  joined  to  the  fibrous  tissue,  either  by  a  cement,  or  simply  by  a  molecular  union 
between  the  two.  Wagener  and  Ranvier  agree  that  it  is  impossible  to  dissolve  the  union 
by  caustic  potash,  as  Weismann  asserted. 

c.  To  Blood-vessels. — As  might  be  anticipated  from  the  energetic  nature 
of  the  tissue,  blood-vessels  are  numerous  both  in  striped  apd  unstriped 


Fig.  105.  Blood-vessels  of  muscle,    c,  Ca-  Fig.  106.  Blood-vessels  of  a  red  muscle 

pillaries  ;  o,  small  artery ;  h,  small  ygiu,    x  (scmMendinoms)  of  a  rn libit,    e,  Capillarips  ; 

250.   (Kblliker,)  d,  dilatation  on  transverse  brjincli  of  capil- 

lary ;  a,  artery ;  m,  position  of  a  ^nuscular 
fibre.  (Ranvier.) 

muscle,  particularly  so  in  the  striped  muscle  of  mammals  and  birds. 
The  veins  and  arteries  usually  lie  together  in  the  perimysium  (Fig.  105, 
a  h).  The  vessels  within  a  fasciculus  are  capillaries  (c).  Most  of  them 
run  parallel  with  the  muscular  fibres,  and  are  united  one  with  another  by 
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transverse  branches.  The  capillaries  all  lie  outside  the  sarcolemma  (Fig. 
104,  v),  so  that  the  nutrition  of  the  sarcous  matter  has  to  be  carried  on 
by  diffusion  through  that  membrane. 

In  the  red,  as  distinguished  from  the  pale,  muscles  of  the  rabbit,  Ranvier  has 
observed  fusiform  swellings  on  many  of  the  transverse  branches  of  the  capillary  network 
(Fig.  106,  d).  He  points  out  that  these  dilatations  must  constitute  minute  reservoirs  for 
blood,  which  are  probably  of  service  in  giving  an  increased  supply  of  oxygen  and  pabu- 
lum to  these  hard-working  muscles  (see  p.  132). 

d.  To  Lymphatics. — The  lymphatics  of  muscle  have  been  as  yet  but  little  investigated. 
Schweigger-Seidel  (Op.  38,  i.  255)  found  that  the  network  of  lymphatics  under  the  peri- 
cardium is  continuous  with  numerous  lymph  spaces  between  the  muscular  fibres — in  the 
general  substance  of  the  heart.  By  the  silver  process  he  found  that  the  intermuscular 
lymph  spaces  are  lined  by  a  layer  of  endothelium.  Probably  in  muscle  generally,  all 
the  spaces  in  the  endomysium  around  the  muscular  fibres  and  capillaries  are  lymph 
spaces  in  which  the  lymphatics  take  origin,  but  althougli  Loewe  (Op.  72,  p.  93)  states 
that  the  sarcolemma  is  covered  by  the  endothelium  of  surrounding  lymph  spaces,  the 
subject  has  not  as  yet  been  sufficiently  investigated. 

e.  To  Nerves. — The  termination  of  nerves  in  striped  and  in  unstriped 
muscle  will  be  described  with  the  nervous  system. 


Tlie  Muscular  Fibres  of  the  Heart. 

The  cardiac  muscular  fibres  are  striped,  but  they  have  certain  pecu- 
liarities, both  structural  and  functional,  which  place  them  in  a  position 
intermediate  between  the  unstriped  and  the  ordinary  striped  muscle. 
There  is  no  sarcolemma,  and  each  fibre  has  one,  rarely  two,  nuclei 


Fig.  107.  Network  of  muscular  fibres  from 
the  general  substance  of  the  mammalian 
heart.  On  the  right,  the  limits  of  the  sepa- 
rate cells  are  somewhat  diagi-ammatically  re- 
presented. (Schweigger-Seidel.) 


Fig.  108.  a,  Fibre  from  general  substance 
of  frog's  heart  (Ranvier).  b,  Purkinje's  fibres 
from  beneath  the  endocardium  of  a  sheep  ;  c, 
transition  between  Purkmje's  fibres  and  the 
general  fibres.   X  300. 


placed  in  its  central  part.  Throughout  the  general  substance  of  the 
heart,  the  muscle  cells  are  short  cylinders  which  anastomose  with  neigh- 
bouring cells,  either  by  short  branches  or  by  their  longitudmal  surfaces ; 
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they  tlius  form  retiform  lamellse  with  narrow  interspaces.  The  some- 
what sinuous  ends  of  the  ceUular  segments  abut  one  upon  another,  and 
are  united  by  a  clear  cementing  substance  which  may  be  blackened  by 
silver  nitrate,  and  dissolved  by  caustic  potash.  After  treatment  with 
potash  the  cellular  segments  of  the  reticulum  may  be  readily  dissociated 
(Eberth). 

In  the  frog's  heart  the  networks  are  composed  of  spindle-shaped  fibres  not  unlike 
those  of  unstriped  muscle,  but  differing  from  them  in  being  transversely  striped 
(Weismanu). 

Piirkinje's  Muscular  Fibres. — Immediately  under  the  ventricular  endocardium  of 
ruminants  there  is  a  gray  gelatinous-looking  network,  first  described  by  Purkinje.  It 
consists  of  bands  of  polyhedral  cells,  each  having  a  cortex  of  striated  sarcous  substance 
enclosing  a  core  of  undifferentiated  protoplasm  with  one  or  two  nuclei.  There  are  tran- 
sitional forms  between  these  cells  and  the  general  cardiac  fibres  (c),  of  which  Purkinje's 
cells  appear  to  be  an  arrested  development.  (Consult  Schweigger-Seidel,  Op.  38,  i.  244  ; 
and  Eanvier,  Op.  39,  535.) 

The  functional  characters  of  the  cardiac  muscle  also  place  it  inter- 
mediate between  unstriped  and  ordinary  striped  muscle,  inasmuch  as  its 
contraction  takes  place  more  slowly,  and  is  more  prolonged  than  that  of 
ordinary  striped  muscle. 

Development,  Growth,  and  Atrophy  of  Muscle, 

Development  and  Growth.- — The  fibres  of  unstriped  and  of  striped 
muscle  are  developed  from  the  cells  of  the  mesoblast.  Each  cell  is  at  first 
a  nucleated  particle  of  protoplasm  without  an  envelope.  The  cells  are  at 
first  rounded,  and  become  elongated  into  fibres  as  development  proceeds. 

When  a  cell  becomes  a  non-striped  fibre  the  nucleus  usually  remains 
single  in  the  centre  of  the  fibre.  The  protoplasm  becomes  modified  into 
contractile  fibrils,  while  the  periplast  (the  sarcolemma)  makes  its  appear- 
ance around  it.  There  is  nothing  to  lead  one  to  suppose  that  the 
sarcolemma  results  fi'om  the  transformation  of  a  special  set  of  cell?. 
Probably  it  is  simply  produced  from  the  protoplast  which  it  encloses,  but 
the  precise  mode  of  its  formation  has  yet  to  be  made  out.  Non-striped 
muscle  may  also  be  developed  from  cells  resembling  connective  tissue 
corpuscles  ;  as  may  be  seen  in  the  bladder  of  the  salamander  (Flemming, 
Op.  18,  xiii.)  In  the  uterus  during  pregnancy  new  muscular  fibres  are 
developed  from  small  round  granular  cells  (KoUiker).  The  origin  of  the 
latter  has  yet  to  be  made  out. 

Each  fibre  of  striped  muscle  is  in  the  embryo  developed  from  a  single 
mesoblastic  cell  (Remak).  In  producing  a  cardiac  fibre  the  embryonic  cell 
enlarges,  its  protoplasm  becomes  transformed  from  without  inwards  into 
striated  sarcous  matter,  and  the  nucleus,  either  single  or  divided  into 
two,  remains  in  the  centre  of  the  cell,  enveloped  in  a  small  quantity  of 
undifferentiated  protoplasm.  The  cells  become  elongated,  branched,  and 
joined  together.  As  already  stated,  Purkinje's  cells  are  to  be  regarded 
as  the  result  of  arrested  development. 

In  producing  a  fibre  of  ordinary  striped  muscle  the  mesoblastic  cell 
enlarges  and  becomes  fusiform,  the  nucleus  repeatedly  divides,  and  the 
protoplasm  is  gradually  transformed  into  striated  sarcous  substance  from 
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the  periphery  inwards.  When  this  has  proceeded  to  some  extent  a  fibre 
of  mammalian  striped  muscle  is  a  tube  of  fibrils  enclosing  a  core  of 
uudiiferentiated  protoplasm  with  many  nuclei.  But  as  development  pro- 
ceeds, the  nuclei,  with  some  protoplasm,  leave  the  centre  and  appear  at 
the  peripheiy  of  the  fibre.  Probably  they  move  outwards  in  the  spaces 
between  the  fibrillar  bundles.  But  in  the  striped  muscle  of  the  frog  the 
nuclei  are  at  an  early  period  of  development  all  placed  outside  the 
striated  substance.  Many  of  them  continue  there  as  the  nuclei  under 
the  sarcolemma,  whilst  some  of  them  appear  to  move  into  the  interior  of 
the  fibre  and  remain  permanent  between  the  fibrillar  bundles  (Ranvier, 
Op.  39,  515). 

With  regard  to  the  origin  of  the  sarcolemma  of  stri])ed  muscle,  all  are  agreed  that  it 
does  not  exist  at  an  early  stage  in  the  development  of  the  fibres,  but  its  mode  of  forma- 
tion is  disputed.  Kblliker  regards  it  as  nothing  but  a  cell-membrane  produced  around 
the  protoplasm.  This  idea  is  supported  by  tlie  observations  of  Wilson  Fox  {Op.  3, 
year  1866),  and  by  Calberla  {Op.  24,  iv.  111).  Wolft'  {Op.  24,  vi.  101),  however,  reganis 
it  as  a  transformation  of  special  cells  which  disappear  in  the  process.  It  must  not,  how- 
ever, be  foigotten  that  the  muscle-corpuscles  may  be  readily  mistaken  for  such  cells, 
and  that  in  the  case  of  non-striped  muscle — where  there  are  no  peripherally  placed 
muscle-corpuscles,  there  is  no  evidence  of  the  production  of  the  sarcolemma  from  special 
cells.    Probably  in  both  cases  the  sarcolemma  is  merely  a  cell-membrane. 

The  fibres  of  striped  muscle  are  also  developed  after  embryonic  life 
has  ended.  Much  of  the  enlargement  of  growing  muscles  is  due  to  an 
increase  in  the  number  of  the  fibres,  but  the  origin  of  the  new  fibres  still 
requires  elucidation. 

Their  development  is  to  be  seen  in  the  frog  during  the  spring  time,  when  those 
striped  fibres  which  have  w-astcd  during  the  winter  are  replaced  by  new  ones.  Two 
modes  of  development  are  described — 1.  Weismann  and  Kolliker  state  that  new  fibres 
result  from  a  longitudinal  cleavage  of  the  old  ones.  2.  According  to  Von  Wittich  they 
spring  fro7n  connective  tissue  corpuscles.  In  the  testis  and  ovary,  where  tumours  of 
striped  muscle  sometimes,  though  rarely,  arise,  connective  tissue  corpuscles,  or  at  all 
events  blood-leucocytes,  appear  to  be  their  source. 

It  is  commonly  stated  that  when  striped  muscle  is  destroyed  it  is  not  regenerated  in 
warm-blooded  animals,  and  that  when  cut  across  or  partly  removed  the  breach  is  healed, 
not  by  new  muscle,  but  by  fibrous  tissue.  In  a  recent  research,  Kraske  {Op.  24,  vii.  Ab. 
i.  75),  working  under  the  direction  of  Cohnheim,  has  shown  that  when  the  striped 
muscle  of  the  rabbit  is  cauterised  by  the  interstitial  injection  of  carbolic  acid,  no  fibrous 
cicatrix  appears  at  the  cauterised  spot,  but  in  the  course  of  six  weeks  it  is  filled  up  with 
newly  developed  muscle.  He  finds  that  the  earcous  substance  of  the  old  fibres  disappears, 
the  liiuscle-corpuscles  proliferate  and  grow  spindle-shaped.  The  sarcolemma  vanishes, 
and  the  liberated  muscle-corpuscles  severally  become  striped  fibres. 

In  a  growing  muscle  there  is  not  only  an  increase  in  the  number  of 
the  fibres,  but  the  individtial  fibres  grow  larger;  thus,  the  striped  fibres  of 
the  adult  are  longer  and  about  five  "times  broader  than  those  of  the  newly- 
born  child.  According  to  Frey,  the  enlargement  is  due  to  interstitial 
growth.  This  theory  seems  to  hold  in  the  case  of  the  growing  non-striped 
fibres  of  the  jn-egnant  uterus,  and  probably  it  also  to  some  extent  holds 
as  to  those  of  striped  muscle,  but  there  is  certainly  another  way  in  which 
the  latter  grow.  The  nuclei  under  the  sarcolemma  multiply,  the  proto- 
plasm around  them  increases  in  quantity,  and  is  converted  into  sarcous 
matter.  This  mode  of  growth  may  be  seen  in  many  of  the  fibres  of  the 
diaphragm  of  young  and  also  of  adult  mammals  (Klein,  Op.  69,  p.  80). 
A  similar  change  takes  place  in  striped  muscle  elsewhere,  when  it  is  sub- 
jected to  prolonged  and  systematic  exercise. 
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Although  it  is  true  that  exercise  favours  the  growth  of  muscle — and 
no  bodily  organs  are  so  much  affected  by  exercise  as  the  muscles — it  is 
equally  true  that  they  grow  without  exercise  ;  thus,  in  the  foetus,  the 
muscles  of  respiration,  those  of  the  tongue,  jaws,  and  other  parts  that  are 
noi  exercised,  grow  and  are  ready  for  work  at  birth.  Their  growth  seems 
only  referable  to  the  trophic  and  germinal  energy  of  the  tissue,  possibly 
aided  by  a  trophic  influence  of  the  nerves.  The  growth  of  the  muscular 
fibres  of  the  pregnant  uterus  is  probably  in  large  measure  due  to  the 
increased  supply  of  pabulum  resulting  from  the  marked  dilatation  of  the 
blood-vessels.  This,  however,  is  insufficient  to  explain  the  development 
of  new  fibres,  and  therefore  it  may  be  assumed  that  there  is  a  trophic 
and  germinal  excitement  in  the  tissue  elements  of  the  uterine  wall,  to 
which  the  vascular  dilatation  is  only  an  adjuvant,  Of  the  influence  of 
exercise  upon  the  muscular  growth,  the  marked  development  of  the 
muscles  of  the  blacksmith's  arm,  and  the  thickening  of  the  wall  of  the 
heart  when  in  abnormal  states  of  the  circulation  it  is  compelled  to  exert 
itself  more  forcibly,  are  well-known  illustrations.  The  explanation  is 
probably  this  :  1.  The  functional  excitement  of  a  muscle  not  only  induces 
a  discharge  of  mechanical  energy,  but  seems  to  excite  the  trophic  and 
also  the  germinal  energy  of  the  tissue,  and  thus  leads  to  an  increase  of  its 
nutrition,  and  it  may  be  to  the  production  of  new  tissue.  2.  When  a 
muscle  is  thrown  into  contraction,  its  blood-vessels  at  the  same  time 
undergo  a  dilatation,  whereby  an  increased  supply  of  pabulum  is  brought 
to  the  seat  of  labour,  and  the  growth  of  the  tissue  thus  favoured. 
The  muscular  growth  induced  by  exercise  is  not,  however,  capable  of 
indefinite  extension  j  a  maximum  is  attained  which  varies  in  different 
cases. 

Atrophy. — When  muscles  whose  growth  has  been  favoured  by 
exercise  are  too  little  used,  or  allowed  to  remain  completely  at  rest,  they 
undergo  a  partial  atrophy,  for  reasons  which  may  be  inferred  from  the 
foregoing.  A  familiar  illustration  of  the  fact  is  to  be  found  in  the 
emaciated  limbs  and  flabby  muscles  of  one  who  has  for  a  long  time  been 
confined  to  the  recumbent  posture.  In  such  cases,  however,  it  is  to  be 
observed  that  the  muscles  nearly  always  retain  their  contractility,  if  their 
nerves  be  not  paralysed,  and  if  the  circulation  in  them  be  maintained. 

The  atrophy  of  muscle  is,  however,  most  marked  in  cases  of  nervous 
paralysis ;  thus,  when  the  nerves  of  a  muscle  are  divided  and  their 
reunion  prevented,  simple  atrophy,  and  atrophy  through  fatty  degeneration 
supervenes,  in  the  course  of  some  months  contractility  is  lost,  and  finally 
the  muscle  becomes  a  band  of  little  more  than  connective  tissue.  The 
course  of  the  degeneration  in  such  a  case  may  be  retarded  by  systemati- 
cally exercising  the  muscle  by  electrical  stimulation  (John  Eeid,  Oj>.  80, 
p.  1),  but  unless  the  nervous  paralysis  disappear,  the  muscle  eventually 
loses  its  contractility,  although  several  months  may  elapse  ere  this  ensue 
{Op.  76,  i.  137).  Nervous  paralysis  therefore  produces  an  efi'ect  on  the 
nutrition  of  muscle  which  is  not  explicable  on  the  theory  that  it  is  entirely 
due  to  defective  exercise.  By  some  it  is  supposed  that  the  nerves  have 
a  direct  trophic  influence  on  the  nutrient  processes  in  the  passive  as  well  as 
in  the  active  muscle,  but  this  question  will  be  considered  in  another 
chapter. 
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Atrophy  through  fatty  degeneration  is  apt  to  supervene  in  the  inactive 
muscle,  and  always  does  supervene  in  muscle  whose  nerves  are  per- 
manently paralysed.  The  fat  gradually  appears  in  the  sarcous  matter, 
and  by  taking  the  place  of  it,  the  fibre  is  rendered  useless.  It  is  probable 
that  in  consequence  of  diminished  trophic  energy  the  molecular  structure  of 
the  tissue  tumbles  to  pieces,  and  that  the  molecules  of  myosin — the  chief 
proteid  of  the  muscle — disintegrate,  and  in  so  doing  yield  molecules  of 
fat.  But  fatty  degeneration  sometimes  occurs  in  a  muscle  which  is  not 
inactive.  Thus,  in  the  heart,  it  is  not  an  uncommon  change  in  advanced 
age.  Probably  it  is  here  also  the  result  of  a  diminution  in  the  trophic 
activity  of  the  tissue.  Its  occurrence  in  the  muscular  fibres  of  the  uterus 
after  parturition,  and  its  leading  to  the  disappearance  of  most  of  them,  is 
a  physiological  event  assignable  to  the  same  cause.  But  the  inactivity  of 
muscle  is  not  necessarily  followed  by  fatty  disintegration ;  it  does  not 
appear  in  the  uterine  fibres  previous  to  parturition,  although  they  are 
inactive,  nor  does  it  appear  in  the  respiratory  muscles  of  the  foetus, 
although  they  are  for  some  months  inactive.  The  probable  explanation  of 
this  apparent  anomaly  is,  that  the  trophic  energy  of  the  gi-owing  fibres  of  the 
uterus  and  of  the  child  seems  to  be  so  great  that  exercise  is  not  required 
to  prevent  atrophy.  The  question  of  the  atrophy  of  muscle,  however, 
chiefly  belongs  to  pathology,  and  works  on  that  subject  must  therefore  be 
consulted  for  further  details. 

As  the  cliemical  comjMsition  of  muscle  will  be  best  understood  after 
that  of  the  blood  has  been  studied,  and  as  the  chemical  changes  occurring 
in  the  tissue  involve  questions  relating  to  the  food  and  excrementitious 
matters  of  the  body,  they  will  be  discussed  in  a  future  chapter. 

The  Elasticity  of  Muscle, 

Seeing  that  muscles  are  organs  for  the  performance  of  mechanical 
•work,  and  since  their  manner  of  working  consists  in  overcoming  resistance 
by  a  forcible  diminution  of  the  length  of  their  fibres,  it  is  important  to 
study  their  behaviour  when  subjected  to  a  force  of  linear  extension,  and 
when  they  are  liberated  from  the  influence  of  such  a  force. 

When  stretched  lengthwise,  a  muscle  readily  extends.  When  liberated 
from  the  stretching  power,  it  regains  its  former  length,  provided  it  has 
not  been  overstretched.  Its  elasticity  is  therefore  small  in  amount,  but 
perfect  in  quality.  The  energy  of  restitution,  or,  in  other  words,  the 
elastic  energy  of  a  body,  cannot  be  greater  than  the  energy  used  to  displace 
its  particles  ;  therefore,  since  a  small  amount  of  energy  is  needed  to 
extend  a  muscle,  its  elasticity  is  small  in  amount,  although  its  molecular 
structure  allows  it  to  induce  a  recoil  which  under  normal  circumstances 
is  perfect.  There  is,  however,  in  the  case  of  muscle,  as  in  that  of  other 
elastic  solids,  a  limit  of  elasticity, — that  is,  a  degree  of  extension  beyond 
which  the  muscle  cannot  be  stretched  without  suff"ering  a  permanent 
change  of  form.    Beyond  this  limit  the  elasticity  becomes  imperfect.  _ 

To  some  extent  the  elasticity  of  muscle  resembles  that  of  an  india- 
rubber  band.  The  latter  being  very  extensible,  its  elasticity  is  small  in 
amount,  but  within  a  certain  limit  its  quality  is  nearly  perfect.    The  two 
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bodies,  however,  differ  remarkably  in  the  ratio  between  the  extending 
force  and  the  resulting  extension.  If  a  vulcanised  india-rubber  band 
be  suspended,  its  length  measured,  and  weights  successively  applied,  it  is 
found  that  the  exteimon  is  proportional  to  the  weight,  that  is,  equal  incre- 
ments of  weight  are  followed  by  equal  increments  of  length ;  thus,  if 
a  weight  of  10  grammes  extend  the  band  4  millimeters,  20  grammes 
will  extend  it  8  millimeters,  and  so  on.  This  law  holds  for  other  inor- 
ganic solids,  but  in  those  that  are  organic,  with  the  exception  of  bone, 
the  extension  is  not  pvportional  to  the  weight;  the  first  weight  has  a  greater 
effect  than  the  second,  the  second  than  the  third,  and  so  on. 

Facts  such  as  the  above  are  most  readily  ascertained  by  the  graphic 
method  of  recording  movement.  The  most  accurate  method  is  the  fol- 
lowing :  An  elastic  band  is  suspended  by  a  rigid  support.  Its  lower  end 
is  clamped  to  a  rod  bearing  at  right  angles  to  it  a  writing  style.  The 
rod  and  style  glide  between  parallel  bars,  so  that  only  a  vertical  motion 
is  allowed.  The  free  end  of  the  style  is  placed  against  a  plate  of  smoked 
glass,  or  a  cylinder  covered  with  smoked  paper.  A  pan  for  weights  is 
hooked  to  the  lower  end  of  the  style-bearing  rod.  The  observation  is 
begun  by  drawing  the  plate  across  the  style  to  obtain  an  abscissa  (Fig.  109, 
0  x),  indicating  the  position  of  the  unstretched  band.  The  plate  is  then 
shifted  until  the  style 
is  near  one  end  of 
the  abscissa,  and  a 
weight  of  say  10 
grammes  is  applied 
(a).  About  20  sec- 
onds are  allowed  for 
the  completion  of 
the  resulting  exten- 
sion. The  plate  is 
then  drawn  a  little 
to  one  side,  an  addi- 
tional weight  of  10 
grammes  applied  (b), 
and  so  on.  The 
result  is  a  figure  like  a  stair  descending  from  the  abscissal  line.  The 
steps  are  of  equal  depth,  indicating  equal  increments  of  extension  for 
successively  equal  weights.  If  the  glass  plate  were  carefully  drawn  to 
precisely  the  same  extent  after  the  application  of  each  successive  weight, 
the  geometrical  expression  of  the  figure  would  be  exact ;  but  as  the  ex- 
perimental detail  of  this  is  often  difiicult,  it  is  easier  to  be  indefinite  in 
moving  the  plate,  and  then  to  construct  a  precise  geometrical  figure  on  a 
separate  paper,  by  drawing  an  abscissal  line,  dividing  it  into  equal  sections, 
and  projecting  ordinates  below  each  point  of  division  to  the  same  extent 
as  that  of  the  tracing.  A  line  is  drawn  to  touch  the  lower  end  of  each 
ordinate  and  the  point  o  of  the  abscissa.  The  line  thus  obtained  (Fig. 
109,-  s)  is  the  line  of  elasticity,  a  straight  line  in  the  case  of  elastic 
inorganic  solids  (Wertheim),  including  india-rubber  (Marey,  Op.  74, 
p.  301).    If  now  the  same  experiment  be  repeated  with  the  gastrocnemius, 


Pig.  109.  s,  Line  of  elasticity 
of  an  inorganic  solid,  such  as 
india-rubber,  indicating  effects  of 
equal  increments  of  weight  ap- 
plied at  o,  b,  c,  d,  e,  f;  o  x,  ab- 
scissa (see  text).  (Marey,  slightly 
altered.) 


Fig.  110.  -s.  Line  of  elasticity  of 
an  organic  solid,  such  as  a  muscle, 
indicating  the  effects  of  equal  in- 
crements of  weight  applied  at  a,  b,  c, 
d.  e,  f ;  0  X,  abscissa  (see  text). 
(Marey,  slightly  altered.) 


140 


TEXT-BOOK  OF  PHYSIOLOGY. 


or,  better  still,  because  of  its  parallel  fibres,  with  the  sartorius  muscle  of  a 
frog,  the  tracing  obtained  resembles  Fig.  110.  The  increments  of  exten- 
sion are  not  proportional  to  the  increments  of  weight,  but  are  in  a 
.1         1  •  rpjjg  curve  of  elasticity  (s)  is  very  nearly  a  hyperbola. 


diminishing  series 


Fig.  in.  Pfliiger's  myograph.  ?,  Lever ;  w,  counterpoise 
g,  siiiukucl  glayn  ;  tlie  iimacle  Is  placed  in  a  moist  cliamber. 


Pfliiger's  myograph  (Fig.  Ill) 
may  also  be  used  for  such  obser- 
vatious  as  the  above.  The  band 
or  muscle  is  fixed  in  a  rigid  sup- 
port and  joined  to  a  lever  {/),  whose 
moving  end  bears  a  style  for  re- 
cording the  movement  on  smoked 
glass  {g).  The  lever,  however,  is 
in  this  case  open  to  objection  ; 
for,  by  moving  in  an  arc,  it  does 
not  in  any  two  positions  move  to 
precisely  the  same  extent,  although 
the  elastic  body  to  which  it  may 
be  attached  suffers  equal  increments 
of  extension.  The  variation  may, 
however,  be  discarded  when  the 
lever  is  horizontal,  or  nearly  so. 

Marey  {Op.  74,  p.  298) 
has  directly  obtained  the 
curve  of  elasticity  by  attach- 
ing a  lever  to  the  gastrocne- 
mius of  a  frog,  and  causing 
it  to  record  its  movement  on 
a  slowly-revolving  cylinder, 
while  the  muscle  is  gradually 
stretched  by  a  vessel  into  which  mercury  is  allowed  to  flow.  When  the 
curve  of  extension  (Fig.  112,  s)  indicated  scarcely  any  further  elongation 
the  muscle  was  allowed  to  slowly  recoil  by 
letting  the  mercury  gradually  escape  from 
the  vessel.  The  curve  of  recoil  (r)  is,  like 
that  of  extension,  hyperboloid.  The  curves 
of  extension  and  recoil  together  constitute 
the  complete  curve  of  elasticity.  The  ab- 
scissfe  0  X  and  o'  x  respectively  indicate 
the  position  of  the  point  of  the  lever 
before  and  after  extension,  and  show 
that  the  elastic  recoil  of  the  muscle  was 
imperfect ;  the  limit  of  its  elasticity  hav- 
ing been  passed.  Marey  {Op.  cit.  p.  301) 
finds  that  in  frog's  muscle  the  limit  is 
easily  passed,  for,  while  the  gastrocnemius  can  lift  a  weight  of  1200 
grammes  without  rupture,  it  does  not  completely  recoU  after  having  been 
stretched  by  a  weight  of  100  grammes. 

Elastic  After-action. — When  a  weight  is  applied  to  a  muscle,  there 
is  a  sudden,  and  then  a  more  gradual  elongation.  When  the  weight  is 
removed,  there  is  a  sudden,  and  then  a  more  gradual  recoil.  Thus  Fig. 
11 3  is  a  tracing  taken  from  a  fresh  gastrocnemius  of  a  frog,  with  a  lever 
similar  to  that  of  Pfliiger's  myograph  applied  to  a  slowly  revolving  cylin^ 


I.   -   \  ', 

,,.  .. 

Fig.  112.  Curve  of  elasticity  produced 
by  tlie  gradual  extension  (s)  and  recoil  (r) 
of  a  frog's  muscle  ;  o  x  and  o'  a!,  abscissse 
before  and  after  stretching.  (Marey.) 
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I'ig.  113.  Elastic  after-action  of  frog's  muscle  (see  text). 


der.  The  abscissal  line  previous  to  stretching  (a)  has  been  prolonged  as 
a  dotted  line  to  indicate  its  relation  to  the  elastic  curve.  A  vv^eight  of 
100  grammes  was  ap- 
plied to  the  muscle  at 
h,  and  removed  at  d 
after  the  lapse  of  a 
minute.  At  h  there  is 
a  sudden  extension, 
followed  by  a  slow 
after-extension  (c).  At 
d  there  is  a  sudden 
shortening,  followed  by 
a  slow  after-shortening  (e),  which  does  not,  however,  raise  the  abscissal 
line  (/)  to  the  level  of  the  first  abscissa  (a),  because  the  muscle  had  been 
over-stretched ;  c  and  e  are  the  two  phases  of  the  elastic  after^action. 

Muscular  Tonicity. — Even  in  their  relaxed  condition  the  muscles 
are  in  a  state  of  slight  tension,  termed  their  tonicity,  in  consequence  of 
which  they  feel  firm  and  not  flabby.  In  virtue  of  this  condition,  a  muscle 
retracts  when  it  or  its  tendon  is  divided,  and  the  wound  gapes,  although 
the  muscle  is  in  a  state  of  relaxation.  This  muscular  tone  has  been 
ascribed  to  a  slight  contraction  of  the  muscle,  but  there  is  no  evidence 
that  it  is  due  to  anything  more  than  its  elasticity.  Were  it  due  to  con- 
traction it  ought  to  disappear  when  the  nerve  of  the  muscle  is  divided ; 
but  section  of  the  nerve  is  not  immediately  followed  by  the  slightest 
elongation  of  the  muscle  (Heidenhain,  Op.  49,  1856),  although  in  course 
of  time,  apparently  owing  to  impaired  nutrition,  the  tonicity  does  dis- 
appear. The  so-called  tone  of  the  sphincters  of  the  anus  and  bladder  is 
not  an  elastic  effect,  but  a  real  contraction  kept  up  by  nervous  impulses 
passing  from  the  spinal  cord. 

Observations  by  Bonders  and  Mansvelt  [Op.  78)  on  the  human 
biceps,  and  by  Koy  {Op.  2,  i.  472)  on  the  frog's  heart,  show  that  the 
elasticity  of  muscle  is  diminished  by  fatigue.  Eoy's  experiments  also 
prove  that  it  is  diminished  by  defective  nutrition.  Continued  diminution 
of  the  elasticity  of  the  cardiac  fibres  ends  in  their  permanent  exten- 
sion, and  the  serious  pathological  condition  of  cardiac  dilatation  is 
the  result.  The  elasticity  of  muscle  is  also  diminished  in  weak  and 
relaxed  conditions  of  the  system.  A  flabby  state  of  the  tongue  is  a  sign 
of  it.  At  death  the  elasticity  increases  in  amount,  but  becomes  less  per- 
fect;  the  muscles  are  therefore  less  extensible,  and,  when  stretched, 
recoil  less  perfectly. 

E.  Weber  {Op.  75)  found  that  if  the  same  weight  be  applied  to  a  muscle  during  its 
states  of  relaxation  and  contraction,  it  produces  a  relatively  greater  extension  in  the 
contracted  muscle  ;  from  which  he  inferred  that  during  contraction  elasticity  is  dimin- 
ished. He  further  stated  that,  if  a  muscle  be  stretched  by  a  weight  so  heavy  that  it 
cannot  contract,  a  slight  elongation  occurs  when  the  muscle  is  stimulated  ;  from  which 
he  inferred  that  the  altered  elasticity  is  due  to  a  molecular  change  induced  by  stimula- 
tion. Weber's  method  of  experimenting  was  rough,  and  probably  for  that  reason  the 
latter  observation  has  been  found  by  Wundt  {Op.  77,  p.  574)  to  be  incorrect.  There  is 
therefore  no  evidence  of  any  change  in  the  elasticity  during  the  active  condition  of 
muscle.-  This  conclusion  is  au]>ported  by  Kronecker  and  by  Bonders.  The  greater 
extension  produced  by  a  weight  in  a  contracted  as  compared  with  a  relaxed  muscle, 
appears  to  be  owing  to  a  diminished  shortening  of  the  muscle  during  contraction,  because 
of  the  re.sistance  offered  by  the  weight. 
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Functions  of  the  Elasticity. — The  elasticity  of  muscle  discharges 
important  functions.  In  virtue  of  it,  the  muscles  in  their  relaxed  condi- 
tion are  in  a  state  of  slight  tension,  so  that,  at  the  instant  of  contrac- 
tion, time  is  not  lost,  nor  is  energy  wasted,  in  bracing  them  up.  The  small- 
ness  in  the  amount  of  the  elasticity  is  of  service  in  offering  little  resist- 
ance to  the  contraction  of  antagonistic  muscles. 

Muscular  elasticity  is  also  of  great  service  in  lessening  the  shock  of  con- 
traction, for,  as  the  tendons  are  inextensible,  a  sudden  and  powerful  con- 
traction would  readily  tend  to  rupture  the  muscle,  and  would  produce 
a  violent  shock  throughout  the  system  if  the  muscles  were  not  elastic. 
The  elasticity  diminishes  the  abruptness  of  the  movement,  and — as  will 
afterwards  be  shown — it  also  fuses  into  a  uniform  steady  pull  the  rapid 
succession  of  short  contractions  of  which  any  ordinary  voluntary  move- 
ment consists.  It  also  lessens  the  dissipation  of  energy,  for,  as  shown  by 
Marey  (Op.  74,  p.  457),  "  when  a  force  of  short  duration  is  employed  to 
move  a  mass,  a  more  useful  effect  is  obtained  when  it  acts  through  an 
elastic  medium."  ^ 

The  ExcmvBiLiTY  of  Muscle. 

Living  muscle  possesses  excitability  (irritability),  in  virtue  of  which  it 
may  be  thrown  into  a  state  of  excitement,  and  the  potential  energy  of  its 
molecules  liberated  (p.  10).  As  the  most  important  and  obvious — although 
not  the  only — sign  of  excitement  is  contraction,  the  term  contractility  is 
sometimes  for  convenience  substituted  for  excitability  in  speaking  of  a 
contractile  tissue,  but,  strictly  sjieaking,  the  term  contractility  means  the 
working  power  of  the  muscle.  That  it  is  necessary  to  distinguish  excita- 
bility from  contractility  is  shown  by  the  fact  that  excitability  is  increased 
while  contractility  is  diminished  by  the  presence  in  the  muscle  of  an  excess 
of  the  effete  substances  creatin  and  lactic  acid  (Ranke). 

Muscle  may  be  thrown  into  contraction  by  stimuli  of  a  nervous, 
electrical,  thermal,  mechanical,  and  chemical  nature. 

1.  Nervous  Stimulation. — In  all  the  higher  animals  the  stimulation 
of  muscle  normally  springs  from  its  nerve.  As  the  intra-muscular  nerve 
terminations  will  be  described  in  the  chapter  on  nerve  tissue,  it  need 
only  now  be  stated  that  the  nerve  fibrils  come  into  very  close  relation 
with  the  sarcous  substance,  so  that  the  nerve  energy  can  readily  affect  it. 

2.  Electrical  Stimulation. — Of  all  the  artificial  stimuli  of  muscle 
and  nerve,  electricity  is  that  most  commonly  had  recourse  to,  because  of 
the  readiness  Avith  which  it  can  be  applied,  the  ease  with  which  its  inten- 
sity may  be  graduated,  and  its  non-injurious  effects  on  the  tissue  when 
carefully  used.  Both  galvanic  and  faradic  electricity  are  employed.  The 
tissue  to  be  stimulated  is  made  a  part  of  the  electrical  circuit,  and  the 
electrodes  tlorough  which  the  stream  passes  between  the  wires  of  the 
electromotor  and  the  tissue  are  in  ordinary  physiological  experiments  a 

1  In  harmony  witli  these  facts,  Marey  {Op.  79,  p.  124)  points  out  that  if  an  elastic 
medium  be  interpoaed  between  a  motor  power  and  a  load,  e.g.  between  a  horse  and  a 
vehicle,  shocks  are  lessened  and  work  economised. 
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pair  of  insulated  wires  or  plates  of  copper  or  platinum.  But  when  it  is 
important  to  avoid  the  currents  generated  by  the  contact  of  moist  tissues 
with  copper  and  even  with  platinum,  non-;polarisabU  electrodes  are  re- 
quired. 

The  non-jwlai-isahle  electrodes  of  Doiiders  are  often  used.  They  consist  of  a  ])air  of 
glass  tubes  (Fig.  114,  h  h')  closed 
at  their  lower  ends  with  plugs  of 
sculptor's  clay  moistened  with 
water  or  verj'  dilute  solution  of 
sodium  chloride.  The  contact  of 
nerve  or  muscle  with  clay  so  pre- 
pared yields  no  electricity.  The 
tubes  are  partially  tilled  with  a 
saturated  solution  of  pure  zinc 
sulphate,  into  which  there  dips  a 
rod  of  pure  amalgamated  zinc,  to 
which  a  wire  of  the  circuit  is  at- 
tached. This  arrangement  is 
needed,  because  the  contact  of  a 
copper  wire  with  the  moist  clay 
generates  a  current.  Unfortu- 
nately the  solution  diffuses  through 
the  clay,  and  renders  it  u.seless  in 

the  course  of  a  day.  muscle  and  nerve.   It  consists  of  a  vulcanite  table  with  a 

The  non-polarisable  electrodes  glass  shade.  The  air  is  kept  moist  by  wet  blotting  paper  (a) ; 
of  Fleischl  are  preferable  to  the  6  V,  Non-polarisable  electrodes  fixed  to  flexible  leaden  rods ; 
above.    They  consist  of  a  pair  of  c,  paraffin  block  with  a  muscle  on  it. 
small  tubes  closed  at  the  lower 

ends  with  plaster  of  Paris,  in  the  centre  of  which  a  small  camel-hair  brash  is  included. 
One  half  of  the  brush  projects  free  from  the  plaster  plug,  and  is  the  terminal  to  which 
the  tissue  is  applied.  It  is  moistened  with  saliva,  or  dilute  sodium  chloride  solution  (1 
per  cent).    The  other  arrangements  in  the  tubes  are  the  same  as  in  Bonders'  electrodes. 

The  electrical  circuit  is  closed  and  opened  by  various  forms  of  elec- 
trical keys.  Those  most  convenient  for  experiments  on  stimulation  of 
the  tissues  are  (1)  a  key  with  a  platinum  contact,  such  as  the  Morse 
telegraph  key ;  and  (2)  a  mercurial  key  where  the  contact  is  made  by 
dipping  a  copper,  or  better,  a  platinum  wire  into  mercury.  The  mercurial 
key  is  to  be  preferred  in  all  cases  where  successive  shocks  of  uniform  in- 
tensity are  desirable.  For  this  purpose  the  surface  of  the  mercury  must 
be  kept  perfectly  clean,  and  the  production  of  sparks  prevented.  This 
object  is  best  attained  by  the  mercurial  key  devised  by  Kronecker  and 
Stirling  (Op.  1,  ix.  318),  in  which  the  surface  of  the  mercury  is  continu- 
ally washed  by  a  stream  of  dilute  alcohol. 

a.  Stimulation  by  Galvanic  Electricity.  —  In  physiological  experiments 
the  voltaic  elements  of  Grove,  Daniell,  and  L6clanch6  are  commonly  used. 
Grove's  elements  of  small  dimensions  are  the  most  convenient. 

When  a  galvanic  stream  of  sufficient  intensity  is  sent  along  the  nerve 
of  a  physiological  limb  (Fig.  1),  the  nerve  is  stimulated  and  the  muscle 
thrown  into  contraction  at  the  closure  or  opening,  or  at  both  the  closure 
and  the  opening  of  the  circuit.  There  is  no  stimulation  of  the  nerve 
during  the  interval  of  flow,  provided  the  intensity  of  the  current  be 
constant ;  but  if  the  intensity  be  varied  suddenly  and  sufficiently,  the 
nerve  is  excited.  Analogous  results  are  obtained  when  the  sensory  fibres 
of  a  nerve-trunk  are  made  the  subject  of  experiment.  It  may  therefore 
be  formulated  as  a  law  that  a  galvanic  stream  stimulates  a  nerve-trunk  only 
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■when  it  enters  and  when  it  leaves  the  nerve,  but  not  during  the  period 
of  its  flow  unless  it  undergo  variations  of  intensity  (Du  Bois  Eeymond). 
It  will  be  afterwards  shown,  however,  that  the  vital  properties  of  the  nerve 
are  affected  during  the  entire  period  of  flow. 

But  when  the  peripheral  terminations  of  sensory  nerves — e.g.  those  of  the 
skin  or  tongue — are  traversed  by  the  stream,  they  are  stimulated  during 
the  entire  period  of  flow  as  well  as  at  the  moments  of  entrance  and 
departure.  The  result  is  a  constant  pricking  and  burning  sensation  in 
the  case  of  the  skin,  and  a  metallic  taste,  with  a  burning  and  pricking 
sensation,  in  that  of  the  tongue.  Muscular  fibres  are  afl"ected  in  the  same 
sense  as  the  peripheral  sensory  nerve  terminations.  Thus,  on  stimulating 
a  muscle  directly  with  a  galvanic  stream  just  strong  enough  to  give  a  re- 
action, contraction  occurs  at  the  closure  and  opening  of  the  circuit ;  but 
on  increasing  the  strength  of  the  current,  a  state  of  constant  contraction 
(tetanus)  ensues.  The  reaction  of  the  muscle  is  therefore  for  the  most 
part  similar  to  that  of  peripheral  sensory  nerve  terminations,  and  the 
question  arises.  Is  the  muscular  reaction  due  to  a  dii-ect  eff'ect  on  the 
muscular  fibres,  or  on  the  terminations  of  the  motor  nerves,  or  on  both  ] 
The  question  can  be  partially  answered  by  physiologically  eliminating  the 
nerve  terminations  tlirough  the  paralysing  influence  of  curara.  Tliat  this 
poison  really  does  paralyse  the  nerve-ends  must  be  assumed  until  the 
proof  is  furnished  and  explained  (p.  151).  The  curarised  muscle  requires 
a  somewhat  stronger  current,  but  the  reactions  given  both  by  the  weak 
and  stronger  currents  are  similar  to  those  of  the  non-curarised  muscle. 
Therefore  the  eff'ect  of  a  galvanic  current  on  muscular  fibres  differs  from 
its  effect  on  nerve  fibres,  and  resembles  that  on  peripheral  sensory  nerve 
terminations.  Whether  or  not  the  motor  nerve  terminations  are  affected 
in  a  manner  similar  to  the  sensory  nerve  terminations  is  as  yet  unknoM'n. 

In  both  nerve  (Pfliiger,  Op.  81,  p.  453)  and  muscle  (Von  Bezold,  Op. 
82,  p.  266)  stimulation  occurs  only  at  the  —  pole  (cathode^)  when  the 
circuit  is  closed,  and  only  at  the  +  pole  (anode)  when  it  is  opened.  This 
may  be  readily  shown  by  laying  a  curarised  frog's  sartorius  upon  a  pair  of 
non-polarisable  electrodes,  with  a  considerable  length  of  fibres  between 
them.  In  a  curarised  muscle  the  transmission  of  excitement  is  delayed 
because  of  tlie  nervous  paralysis,  and  it  may  be  observed,  especially  when 
the  muscle  is  fatigued,  that,  on  closing  the  circuit,  a  contraction  wave 
appears  at  the  cathode  and  rapidly  travels  along  the  muscle,  while  at 
opening  the  wave  begins  at  the  anode.  The  use  of  a  magnifying  glass  is 
of  service  in  this  experiment.  If  the  muscle  be  partially  cut  across 
between  the  electrodes,  the  cut  may  be  seen  to  gape  towards  the  —  pole 
at  closing,  and  towards  the  -|-  pole  at  opening  the  circuit  (Engelmann, 
Op.  83,  p.  340  ;  Romanes,  Op.  1,  x.  730). 

The  effect  of  an  electrical  current  on  muscle  is  most  powerful  when  it 
is  sent  along  the  fibres. 

b.  Stimulation  by  Faradic  Electricity  is  the  most  common  method 
of  excitement  in  physiological  experiments,  because  of  the  readiness 
^  Cathode,  from  Kara  and  6S6s,  a  downward  way.  Anode,  from  dvd  and  656s,  an 
upward  way.  These  terms,  commonly  applied  respectively  to  the  -  and  +  poles  of  the 
electrical  circuit,  indicate  the  direction  of  the  +  stream  to  and  from  the  battery. 
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with  which  currents  of  almost  any  desirable  strength  can  be  obtained 
by  induction  from  the  galvanic  stream  of  a  single  voltaic  cell.  The 
fixradic  electromotor  commonly  used  depends  on  the  principle  that  if 
two  electrical  circuits  be  placed  in  proximity  but  not  in  contact,  and  a 
galvanic  current  sent  through  one  of  them,  an  instantaneous  current  is 
induced  in  the  other  at  the  moment  when  the  galvanic  stream  enters  and 
when  it  leaves  its  circuit.  The  inducing  and  induced  currents  are  dis- 
tinguished as  primary  and  se-condarij.  The  secondary  current,  induced  by 
closing  the  primary  circuit,  has  a  direction  -the  reverse  of  that  in  the  primary 
circuit,  whilst  that  induced  at  opening  has  the  same  direction.  There  is 
therefore  a  constant  reversal  in  the  direction  of  the  induced  currents,  whilst 
that  of  the  inducing 
currents  remains  un- 
changed. Currents 
may  also  be  induced 
in  the  secondary 
circuit  by  merely 
varying  the  inten- 
sity of  the  primary 
stream ;  an  increase 
of  intensity  induces 
a  current  in  the 
same  direction  as 
the  closing  of  the 
primary  circuit,  and 
conversely.  In  the 
induction  machine 
(Fig.  115)  the  wires  of  the  primary  and  secondary  circuits  are  coiled 
into  two  spirals  (E,  and  R'),  in  order  that  the  effect  of  the  primary 
circuit  may  be  intensified.  The  primary  wire  is  short  and  thick,  to 
offer  as  little  resistance  as  possible  to  the  galvanic  stream,  the  tension 
of  which  is  low.  The  secondary  wire  is  much  thinner,  in  order  ,  that  many 
coils  may  go  into  small  space.  The  tension  of  the  induced  currents  being 
high,  and  the  electrical  resistance  of  any  of  the  tissues  so  much  greater 
than  that  of  the  coil,  a  long  wire  in  the  secondary  spiral  has  no  disad- 
vantage. The  wires  of  both  coils  are  insulated.  A  bundle  of  soft  iron 
wire  is  placed  inside  the  primary  spiral.  The  current  in  the  latter  mag- 
netises the  iron,  and  as  the  introduction  and  withdrawal  of  a  magnet  from 
within  a  coiled  wire  occasions  induced  currents,  the  magnetisation  and 
demagnetisation  of  the  iron  intensifies  the  effect  of  the  primary  upon  the 
secondary  spiral.  The  strength  of  the  induced  currents  may,  for  physio- 
logical purposes,  be  conveniently  varied  by  altering  the  distance  between 
the  spirals,  as  in  Du  Bois  Eeymond's  electromotor  (Fig.  115).  The 
secondary  spiral  is  made  to  slide  upon  a  grooved  board,  so  that  it  can  be 
pushed  around  the  primary  spiral  to  obtain  the  strongest  induction  effect, 
and  drawn  from  it  to  obtain  currents  of  less  intensity.  The  strength  of 
the  induced  currents  is  inversely  as  the  square  of  the  distance  between 
the  spirals.  A  millimeter  scale  is  attached  to  the  board,  and  an  indicator 
(I)  to  the  secondary  coil.    The  figures  on  the  scale  only  serve  to  give  a 
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rough  approximative  indication  of  the  relative  strength  of  the  induced 
currents  obtainable  at  different  positions  of  the  secondary  coil,  and  that 
only  when  the  primary  current  is  of  constant  strength.  The  strength  of 
the  induced  currents  may,  of  course,  also  be  varied  by  altering  the  strength 
of  the  stream  in  the  primary  spiral.  In  faradic  machines  for  therapeutical 
purposes,  the  strength  of  the  induced  currents  is  mostly  varied  by  partially 
or  completely  withdrawing  the  soft  iron  from  the  primary  spiral,  or  by 
covering  or  uncovering  it  with  a  sheath,  and  thus  diminishing  or  increasing 
its  inducing  effect. 

In  using  the  induction  apparatus,  the  tei-minals  of  the  secondary  coil 
are  joined  to  wires  to  convey  the  electricity  to  the  tissues,  and  if  a  slow 
succession  of  induction  shocks  be  desired,  the  wires  of  the  voltaic  cell  are 
attached  to  S'  and  S",  two  terminals  of  the  primary  spiral.  A  key  is 
interposed  in  the  primary  circuit,  and  an  induction  shock  obtained 
when  it  is  closed  and  opened.  But  if  a  rapid  succession  of  shocks  be 
required,  an  automatic  key,  termed  a  Neef  s  hammer  (H)  is  employed. 
The  wires  from  the  voltaic  cell  are  in  that  case  attached  to  P  and  P'. 
The  +  wire  being  attached  to  P,  the  current  passes  to  the  spring  carrying 
the  hammer  (H),  from  thence  through  S  S',  the  primary  coil  (R),  a  pair  of 
coils  (B),  thence  to  the  base  of  the  pillar  P',  and  finally  to  the  battery. 
The  two  coils  (B)  enclose  soft  iron  that  is  rendered  magnetic  by  the 
current ;  the  hammer  (H)  is  attracted,  the  spring  which  bears  it  pulled 
away  from  tlie  point  of  S,  and  the  current  thereby  broken ;  the  soft  iron 
in  B  loses  its  magnetism,  and  the  hammer  is  raised  by  its  spring;  it 
touches  S,  and  so  closes  the  circuit.  These  changes  occur  very  quickly, 
and  this  rapid  succession  of  faradic  shocks  is  commonly  named  the  inter- 
rupted  current. 

Difference  between  the  Closing  and  Opening  Shocks. — If  single  induction 
shocks  be  sent  through  a  muscle  or  nerve,  it  is  found  that  the  opening 
shock  is  the  more  powerful  stimulus  of  the  two.    This  may  be  readily 
shown  by  withdrawing  the  secondary  from  the  primary  spiral  until  a 
minimal  stimulation  is  obtained.    The  difference  is  due  to  the  retardation 
and  weakening  of  the  closing  induction  shock  by  the  extra  stream  induced 
in  the  primary  coil  itself  by  the  action  of  every  single  coil  upon  all  the 
others.    The  induced  extra  stream  is  opposed  in  direction  to  the  primary 
stream,  and  so  retards  and  weakens  its  effect  on  the  secondary  coil.  On 
the  other  hand,  the  intensity  of  the  opening  shock  is  greater  and  its 
maximum  intensity  instantly  attained,  because  in  the  opened  primary 
spiral  the  development  of  an  extra  stream  is  impossible.    Thus  in  Fig. 
117,      and  i  respectively  represent  the  abscissae  of  the  primary  and 
induced  currents ;  pc  is  the  curve  of  the  primary,  and  ic  that  of  the 
induction  current  at  closure  ;  po  indicates  the  sudden  disappearance  of 
the  primary  current  at  opening,  and  io  the  induction  shock  to  which  it 
gives  rise.    {The  height  m  depth  of  any  points  of  the  curves  from  the  abscissal 
lines  indicates  the  intensity  of  the  electrical  stream,  and  the  length  of  the  abscissal 
lines  covered  by  the  curves — its  duration.    The  lines  o  are  ordinates.)  Con- 
sequently when  the  interrupted  current  is  employed,  the  effect  of  the 
opening  shocks  predominates,  and  there  is  consequently  a  tendency  to 
unipolar  action,  although  there  is  a  continual  reversal  of  the  poles.  This 
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is,  of  no  particular  moment  in  electro-therapeutics,  but  in  physiological 
experiments  it  is  sometimes  necessary  to  prevent  it. 

The  closing  and  opening  shocks  may  be  equalised  by  an  arrangement  devised  by 
Helmholtz  (Fig.  116).  A  wire  (V)  is  interi^osed  between  A  and  S',  and  S'  is  elevated  until 
the  spring  of  Neef  s  hammer  cannot  touch  it.    The  screw  S  is  elevated  until  the  spring 


Fig.  116.— Diagram  to  illustrate  Helmholtz's  modification  of  the  Du 
Bois  Electromotor.   (After  Eckhard,  slightly  altered.    See  text.) 

touches  it  at  every  vibration.  The  current  enters  the  pillar  P,  and  the  whole  of  it  at 
first  passes  through  Helmholtz's  wire  (V),  the  primary  coil  (R),  and  the  electromagnet 
(B)  ;  but  the  moment  this  is  magnetised,  the  hammer  (H)  is  attracted,  and  its  spring 
brought  into  contact  with  S.  The  contact  completes  a  shorter  circuit  than  that  of  the 
primary  coil,  and  so  most  of  the  current  immediately  returns  to  the  battery.  The  closure 
of  the  shorter  circuit  so  weakens  the  stream  in  the  electromagnet  that  the  hammer  flies 
up  and  long-circuits  the  current,  and  so  on.  With  this  arrangement  the  current  in  the 
primary  coil  (R)  never  ceases.  The  "  opening  "  induction  shock  now  results  merely  from 
weakening  of  tlie  primary  current.  An  extra  stream  is  now  developed  in  the  primary  coil 
at  "opening"  as  well  as  at  "closure,"  so  that  the  opening  induction  shock  is  retarded, 
weakened,  and  assimilated  to  the  closing  induction  shock,  which  is  also  weakened. 
Thus  in  Fig.  117  the  dotted  lines  in- 
dicate the  closure  (pc)  and  opening 
(po')  of  the  primary  current,  aud  ic', 
io',  the  closing  and  opening  induction 
shocks  when  Helmholtz's  wiie  is  used. 
But  with  the  arrangement  indicated 
in  Fig.  116,  the  opening  is  still  some- 
what stronger  than  the  closing  induc- 
tion shock  ;  they  may,  however,  be 
made  exactly  equal  by  placing  a  rheo- 
stat in  the  short  circuit  to  augment 
its  resistance  to  the  electricity,  and 
thus  to  increase  the  stream  flowing  in 
the  primary  spiral  when  the  short  cir- 
cuit is  closed.  The  extra  stream  in- 
duced in  the  primary  coil  at  opening 
is  increased,  and  the  opening  shock 
in  the  secondary  spiral  still  more  re- 
t^irded,  and  its  irritating  effect  there- 
fore lessened. 

The  Extra  Stream. — We  have  seen  that  on  closing  the  primary  circuit,  and  also  on 
opening  it,  when  Helmholtz's  wire  is  used,  there  is  a  current,  named  the  extra  stream, 
induced  in  the  primary  spiral.   This  current  is  sometimes  used  as  a  stimulus  for  thera- 


Fig.  117.  To  illustrate  the  relation  of  closing  and  open- 
ing induction  shocks  to  primaiy  current ;  o  o  are  ordinates 
J)  i  are  ahscissie.   (See  text.  After  Helmholtz.) 
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peutical  purposes.  Fig.  118  will  serve  to  explain  the  manner  in  which  it  is  transmitted 
to  the  tissues.    Let  vhe  a.  voltaic  cell  ;  p,  the  primary  spiral ;  m,  the  electromagnet ;  n, 

the  point  at  which  tlie  circuit  is  closed 
and  opened  by  Neefs  hammer ;  and  e  e', 
electrodes  to  be  applied  to  the  tissues. 
The  voltaic  stream  from  v  divides  into 
two  branches,  a  long  branch  with  high 
resistance  through  the  tissues  from  c  to  e, 
and  a  short  one  with  low  resistance  through 
the  spring  of  Neef's  hammer.  When  the 
hammer  opens  the  short  circuit  at  n,  the 

voltaic  stream  is  entirely  long-circuited  

Fig.  11^!.  Arrangement  of  the  primary  circuit  when  through  c  and  c';  but  as  it  suddenly  en- 
the  extra  stream  is  used  as  a  stimulus.  (Briicke.)  -      counters  the  comparatively  high  resistance 

.of  the  tissues  [it  is  instantly  so  weakened 
that  an  extra  stream  is  induced  in  the  primary  spiral,  just  as  happens  when  Helmholtz's 
wire  is  used,  as  already  described. 

The  extra  stream  may  be  derived  from  the  Du  Bois  machine  by  attaching  the  wires 
from  the  voltaic  cell  to  P  and  P',  and  the  wires  for  the  extra  stream  to  S'  and  S".  In 
therapeutics  the  extra  stream  is  sometimes  employed  for  the  stimulation  of  paralysed 
muscles. 

'  The  instantaneous  currents  of  induced  electricity  have  a  more  power- 
fully stimulating  effect  on  nerve  tissue  than  the  comparatively  sluggish 
galvanic  stream;, but  in  a  muscle  whose  nerves  have  been  paralysed  the 
faradic  current  may  entirely  fail  as  a  stimulus,  although  the  galvanic  stream 
remains  efficient.  When  the  motor  nerves  are  paralysed  by  curara,  faradic 
electricity  can  still  excite  the  muscular  fibres  ;  but  its  intensity  requires  to 
be  increased  (from  7  to  1 8  times,  Briicke)  to  produce  the  same  effect  as 
in  a  non-curarised  muscle.  But  in  cases  of  motor  nervous  paralysis  of 
considerable  standing,  faradic  electricity  may  entirely  fail  to  stimulate  the 
muscles,  probably  because  the  contractile  substance  has  become  more 
sluggish  in  its  response  to  stimuli,  so  that  those  of  very  short  duration 
fail  to  affect  it.  Non-striped  muscle  is  more  sluggish  of  movement  than 
the  skeletal  muscles,  and  probably  on  that  account  is  more  affected  by  the 
galvanic  than  the  faradic  current. 

3.  Chemical  Stimulation. — It  is  convenient  here  to  compare  the 
chemical  stimulation  of  nerve  with  that  of  muscle.  The 
physiological  limb  (Fig.  1)  is  suitable  for  the  former,  while 
for  the  latter  the  sartorius  of  the  frog  should  be  carefully 
isolated,  divided,  and  suspended  by  a  clamp,  as  recommended 
by  Kiihne  (Fig.  119).  The  effects  of  fluids  on  the  muscle 
are  tested  by  placing  a  drop  on  a  slab  with  a  greased  surface 
— to  render  the  drop  convex — and  then  bringing  the  cut  ends 
of  the  muscular  fibres  in  contact  with  it.  Substances  which 
really  stimulate  the  muscle  cause  not  merely  a  local  con- 
traction, but  one  or  more  contraction-waves  throughout  the 
whole  length  of  the  muscle. 

There  are  fluids,  such  as  blood,  lymph,  and  serum,  which  tonus  muscle  of 
are  entirely  indifferent,  that  is,  they  neither  excite  nor  injure  gJoQggker's 
the  muscular  tissue.  To  this  category  also  belong  fluids,  damp,  for experi- 
such  as  quicksilver  and  oil  (if  its  reaction  be  neutral),  which  ments  on  chemi- 
do  not  mix  with  the  juice  of  the  muscle,  and  which  there-  ""^i  ««°w'»«o°- 
fore  have  no  chemical  influence.  A  0'6  per  cent  solution  of  sodium 
chloride  is  of  all  artificial  indifferent  fluids  the  best  (Nasse).    But  it  is 
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not  perfectly  indifferent,  for  although  it  does  not  excite  the  tissue  it 
exerts  a  slow  but  certain  deleterious  influence.  Nevertheless,  it  is  of  such 
service  in  observations  on  the  tissues  generally,  that  it  has  been  proposed 
to  name  it  "physiological  water."  Distilled  water  is  a  powerful  irritant 
of  muscle  when  injected  into  the  vessels ;  the  muscles  pass  into  a  state 
of  spasm  ;  but  when  applied  to  the  surface,  it  has  little  effect. 

If  the  nerve  of  the  physiological  limb  be  exposed  to  the  vapour  of 
ammonia,  it  is  quickly  killed  vnthout  being  excited.  On  the  other  hand, 
if  the  sartorius  be  exposed  to  the  vapour,  it  contracts,  showing  that  it  is 
possible  to  stimulate  muscular  fibres  by  an  agent  which  does  not  excite 
their  nerves.  The  converse  of  this  is  also  true  j  concentrated  glycerin 
and  creosote  stimulate  nerve,  while  they  fail  to  stimulate  muscle  whose 
nerves  have  been  paralysed  by  curara. 

Many  substances  stimulate  both  muscle  and  nerve  ;  thus  potassium 
or  sodium  hydrate  stimulates  and  kills  both  muscle  and  nerve  even  when 
very  dilute  (1  per  mille).  Neutral  alkaline  salts  are  less  injurious.  In 
somewhat  concentrated  solutions  they  stimulate  both  muscle  and  nerve, 
but  for  the  latter  their  solutions  require  to  be  stronger.  Mineral  acids 
stimulate  both  muscle  and  nerve,  but  for  nerve  they  require  to  be  more 
concentrated  ;  thus  muscle  is  excited  by  a  1  to  5  per  mille  dilution  of 
hydrochloric  acid,  while  nerve  requires  a  strength  of  11  per  cent.  Nearly 
all  acids  kill  muscle  unless  they  be  excessively  dilute.  We  are  indebted 
to  Kiihne  for  most  of  the  above  facts  regarding  chemical  stimuli  (Op.  30). 

4.  Thermal  Stimulation. — A  heated  wire  applied  to  a  muscle 
excites  it,  unless  the  heat  be  so  great  that  the  muscle  is  instantly  killed. 
If  a  frog's  muscle  be  immersed  in  an  indifferent  fluid  {0'6  per  cent  NaCl) 
and  heated,  the  muscle  contracts  when  the  temperature  reaches  37°  0. 
(98 '5°  F.)  If  the  muscle  be  quickly  removed  from  the  fluid  it  relaxes, 
but  if  the  heat  be  raised  to  40°  C.  (104°  F.),  and  the  muscle  exposed  to 
this  temperature  for  about  a  minute,  heat-stiffening  ensues,  and  the  muscle 
dies.  On  the  other  hand,  the  sudden  withdrawal  of  heat  by  the  application 
of  a  very  cold  body  also  excites  muscle.  But  if  the  muscle  be  frozen,  it 
is  nearly  always  killed. 

5.  Mechanical  Stimulation. — A  muscle  may  be  stimulated  by  a 
cut  or  a  blow,  by  sudden  extension  or  torsion.  These  stimuli  are 
efficient  although  the  motor  nerves  be  curarised.  A  mechanical  stimulus 
powerful  enough  to  stimulate  a  muscle  usually  kills  the  spot  to  which  it 
is  immediately  applied. 

The  Direct  Excitement  of  Muscle  by  non-Nervous  Stimuli. — 
That  the  contractile  substance  of  muscle  is  capable  of  excitement  by  non- 
nervous  stimuli  might  be  anticipated  from  the  effects  of  electricity  and 
heat  on  amoeboid  protoplasm  (p.  24).  It  is,  however,  directly  proved  by 
the  following  facts:  —  1.  As  above  stated,  the  vapour  of  ammonia 
stimulates  muscle,  while  it  fails  to  excite  a  nerve  trunk.  2.  When  the 
nerves  of  a  limb  are  paralysed,  say  by  division,  the  peripheral  part  of  the 
nerve  loses  its  excitability  from  the  point  of  section  outwards  in  about 
four .  days,  and  becomes  degenerated.  Although  the  muscles  atrophy, 
they  can  be  stimulated  to  contraction  by  electricity  for  weeks  after 
the  nerve  trunk  has  ceased  to  be  excitable  (Reid).    3.  A  muscle  can 
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be  excited  to  contraction  after  its  motor  nerves  have  been  paralysed 
by  curara. 

2%e  action  of  curara  is  so  important,  that  the  manner  in  which  some 
of  its  effects  are  ascertained  must  be  considered  in  detail.  Curara, 
woorara,  urari,  or  the  Indian  arrow  poison,  are  different  names  for  a 
powerful  toxic  agent  obtained  from  South  America.  Although  its  exact 
composition  is  unknown,  it  appears  to  be  a  mixture  of  various  ingredients 
of  a  vegetable  nature.  Its  toxic  power  varies  in  different  samples.  An 
active  principle,  curaria,  has  been  isolated,  but  an  aqueous  solution  of  the 
crude  drug  is  commonly  used. 

When  a  solution  of  curara  is  injected  under  the  skin,  it  either  enters 
the  blood-vessels  directly  or  through  the  lymphatics.  It  is  quickly  carried 
by  the  circulation  to  every  part  of  the  body,  and  passes  through  the 
capillary  walls  into  all  the  tissues.  On  many  of  these  it  exerts  no 
appreciable  influence,  but  certain  parts  of  the  nervous  system  are,  how- 
ever, powerfully  affected. 

If  two  or  three  milligrammes  of  the  poison  be  injected  under  the 
skin  of  a  frog,  paralysis  of  the  skeletal  muscles,  first  those  of  the  limbs 
then  those  of  the  trunk,  quickly  supervenes,  in  consequence  of  which  the 
animal  soon  lies  flat  on  the  table,  and  the  respiratory  movements  of  the 
throat  cease.    If  the  animal  be  stunned,  the  skin  removed,  the  sciatic 

nerves  isolated  and  faradised,  no  muscular  move- 
ment follows,  hit  when  the  stimulus  is  applied  to  the 
muscles  they  contract ;  proving  that  the  motor 
paralysis  is  not  muscular  but  nervous.  A  dose 
which  is  just  sufficient  to  paralyse  the  voluntary 
motor  nerves,  leaves  the  motor  nerves  of  the 
blood-vessels  intact,  but  with  large  doses  they 
are  also  paralysed. 

The  peripheral  terminations  of  the  motor 
nerves  are  the  parts  first  affected.  This  is  proved 
as  follows  : — The  sciatic  artery  of  one  leg  (Fig. 
120,  A)  of  a  frog  is  tied  at  the  upper  part  of 
the  limb  («).  The  curara  is  then  injected  under 
the  skin  of  the  trunk,  and  it  is  carried  to  every 
part  save  leg  (A)  below  the  seat  of  ligature. 
Fig.  120.  Scheme  of  certain  When  the  palsy  has  supervened,  it  is  observed 
tissues  in  the  hind  legs  (A  B)  of  ^^^^^  ^j^^  unpoisoued  Ua  is  clrawn  up,  while  the 

a  frog,  to  explain  the  ciu-ara  ex-  .  .       _      .  ,        „,  •  i 

periment.  sp,  Spinal  cord ;  m  Other  IS  quite  flaccid.  T/ie  animal  can  move 
m',  motor,  s  s',  sensory  nerves ;  ^/jg  unpoisoued  limb,  although  the  poison  has 
l!:^^ir:i^L:^.  fi-edy  Mated  through  the  lumbar  part  of  the 

nerves  of  that  limb,  showing  that  the  trunk 
of  the  nerve  is  not  paralysed. 

If  in  the  perfomance  of  experiments  in  the  above  manner  with  agents  wliich  paralyse 
nerves,  it  bo  found  that  motion  does  not  follow  direct  excitement  of  the  nerve  in  the 
lumbar  region,  no  conclusion  must  he  arrived  at  regarding  the  scat  of  palsy  until  anoth<^ 
experiment  has  been  performed.  In  this,  after  tying  the  sciatic  artery,  a  ligature  is 
passed  under  the  sciatic  nerve  and  firmly  tied  round  the  limb.  All  the  structures  save 
the  nerve  are  thus  constricted,  so  that  the  blood  cannot  find  a  eollateral  path  down  the 
limb.    If  after  the  poison  has  acted,  stimulation  of  the  nerve  in  the  lumbar  region  give 
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rise  to  no  motion,  while  stimulation  of  the  nerve  heyond  the  seat  of  ligature  does,  it  is 
certain  that  the  poison  paralyses  the  nerve  trunk.  Care,  however,  must  be  taken  that 
the  nerve  is  not  dragged  upon  at  the  seat  of  ligature,  otherwise  it  will  be  paralysed 
(Bernard,  Op.  85). 


Since  the  poison  does  not  paralyse  the  sciatic  nerve  in  the  lumhar 
region,  it  might  be  safely  inferred  that  the  lower  part  of  the  nerve 
trunk  also  escapes.  Nevertheless,  this  may  be  proved  as  follows  : — The 
gastrocnemius  of  a  frog  (which  may  be  pithed)  is  denuded,  the  tendo 
achillis  cut  across,  the  muscle  stripped  from  subjacent  parts,  and  its  upper 
bony  attachments  divided,  care  being  taken  not  to  injure  the  nerve.  A 
ligature  is  passed  under  the  nerve  close  to  the  gastrocnemius,  and  tied 
firmly  around  all  the  structures  of  the  limb  save  the  nerve,  to  prevent 
bleeding.  The  poison  is  then  administered  as  before,  and  although  it  can 
circulate  in  the  sciatic  nerve  close  to  the  gastrocnemius,  it  is  not  paralysed, 
for  when  exposed  and  stimulated  the  gastrocnemius  contracts.  Therefore, 
in  the  unligaturecl  limb  the  palsy  of  the  motor  nerves  mtist  be  intramuscular. 
If  the  fibres  of  the  sciatic  nerve  are  not  paralysed,  it  is  not  likely  that 
similar  nerve-fibres  within  the  muscle  are  paralysed. 

Reasons  for  believing  that  the  terminations  of  the  motor  nerves  are 
paralysed  may  be  obtained  as  follows  : — The  sciatic  artery  of  one  limb  of 
a  frog  is  ligatured,  and  the  animal  poisoned  with  curara  as  above 
described.  Both  legs  are  then  prepared  as  physiological  limbs  with  the 
nerves  as  long  as  possible.  Both  femora  are  fixed  in  a  clamp  (Fig,  121) 
suitably  supported,  the  legs  being  so  placed 
that  the  gastrocnemii  are  uppermost.  The  toes 
are  allowed  to  hang  down,  and  straws  are  at- 
tached to  serve  as  dehcate  indices  of  move- 
ment. The  nerves  (n)  are  laid  on  electrodes 
connected  with  a  commutator  (C).  Two  very 
thin  wires  are  attached  to  C,  and  the  free  end 
of  each  is  thrust  through  the  gastrocnemius 
close  to  its  tendon.  The  commutator  is  then 
joined  by  a  pair  of  long  thin  wires  to  the 
secondary  coil  of  the  Du  Bois  electromotor 
(Fig,  115).  The  bridge  of  the  commutator 
(Fig.  121,  H)  is  arranged  to  send  the  current 
through  the  nerve.  The  secondary  coil  of  the 
electromotor  is  pushed  near  to  the  primary,  and 
the  nerves  stimulated.  Only  the  muscle  of  the 
ligatured  limb  contracts.  The  bridge  of  the 
commutator  is  then  turned,  and  the  current 
sent  through  the  muscles.  Both  muscles  con- 
tract. Both  facts  have  been  previously  stated, 
but  they  are  here  repeated  because  of  the 
clearness  of  the  method  of  demonstration.  The 
secondary  is  now  pulled  away  from  the  primary 
spiral,  and  as  the  current  becomes  weaker  and  weaker,  a  point  is  reached 
where  the  poisoned  muscle  passes  into  a  state  of  rest,  while  the  unpoisoned 
muscle  remains  contracted.    When  the  current  is  still  further  weakened,  of 


Fig.  121.  The  curara  experiment 
(sec  text).  71,  Nerves ;  H,  handle  of 
commutator  (C) ;  R,  wires  joined  to 
faradio  macliine. 
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course  tlie  latter  also  ceases  to  be  excited ;  proving  that  in  the  poisoned 
muscle  the  excitability  to  faradic  electricity  is  diminished.  As  this  result 
cannot  be  attributed  to  a  toxic  effect  on  the  muscular  fibres,  for  curara 
in  however  large  a  dose  never  paralyses  them,  it  mxist  be  ascribed  to  a  paralysis 
of  tlie  very  terminations  of  the  motor  nerves  (Rosenthal). 

It  may  be  inferred  from  the  above  that  nerve  is  more  excitable  by 
fiiradic  electricity  than  muscle  (see  p.  148) ;  so  that  when  a  minimal  but 
efficient  faradic  stimulus  is  applied  to  a  normal  muscle  it  directly  excites 
its  nerves  only,  and  the  current  requires  to  be  stronger  to  directly  stimu- 
late the  muscular  fibres. 

Curara  paralysis  is  not,  however,  entirely  confined  to  m.otor  nerves ;  the 
spinal  cord  is  also  affected.  If  a  frog  be  pithed  and  its  brain  destroyed, 
reflex  actions  of  a  definitely  localised  character  may  be  readily  induced 
by  applying  a  piece  of  bibulous  paper  dipped  in  vinegar  to  any  part  of 
tlie  cutaneous  surface  of  the  trunk  or  legs.  The  nervous  impulse  travels 
from  the  skin  (Fig.  120,  c),  through  the  sensory  nerve  (s),  to  the  spinal 
cord  (sp),  and  is  transmitted  by  its  nerve  cells  in  various  directions 
through  motor  nerves  (m)  to  muscles.  The  action  is  reflex,  and  implies 
neither  sensation  nor  volition,  yet  the  toes  are  exactly  directed  to  the 
seat  of  the  irritation.  Ligature  of  one  sciatic  artery  does  not  for  a  very 
considerable  time  affect  the  reflex  manifestations  even  in  the  bloodless 
leg.  If  the  animal  be  now  curarised  by  injecting  the  poison  under  the 
skin  of  the  trunk,  it  is  found  after  leg  B  (Fig.  1 20)  is  paralysed,  that 
application  of  vinegar  paper,  say  to  the  thigh  of  that  leg,  induces  reflex 
movements  of  leg  A,  proving  that  the  sensory  nerves  of  B  are  not 
paralysed.  The  reflex  movements  are  at  first  normal,  but  when  the 
spinal  cord  becomes  affected  by  the  poison  they  lose  their  normal  purpose- 
like character,  and  become  quite  indefinite  and  disordered,  showing  that 
the  spinal  cord  is  really  affected.  Eventually,  no  reflex  action  can  be 
induced,  although  the  motor  nerve  trunk  of  leg  A  remains  excitable  above 
the  seat  of  ligature.  The  negative  result  is  doubtless  owing  to  paralysis 
of  the  spinal  cord,  because  of  the  change  in  the  character  of  the  reflex 
action  which  precedes  its  total  disappearance. 

Cases  of  curara  poisoning  in  the  human  subject  have  shown  that  if 
artificial  respiration  be  efliciently  maintained  the  poison  produces  no  pain- 
ful sensations.  On  the  contrary,  it  induces  a  state  of  somnolence 
(Voisin,  Oj).  84,  x.  578).  As  the  spinal  cord  of  the  frog  is  paralysed 
by  large  doses  of  the  poison,  it  is  probable  that  the  spinal  cord  of 
mammals  is  similarly  affected. 

The  Contraction  of  Muscle. 

For  an  accurate  study  of  muscular  contraction  it  is  necessary  to 
register  the  movement  with  the  aid  of  a  myograph.  The  various  forms 
of  this  instrument  consist  of  a  lever  moved  by  the  shortening  or  by  the 
thickening  of  the  contracting  muscle.  The  movement  is  recorded  upon 
smoked  paper  or  glass. 

Pfluger's  Myograph  has  been  already  referred  to  (Fig.  111).  The 
end  of  the  lever  bearing  the  writing  style  is  placed  at  right  angles  to  the 
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smoked  plate,  and  as  the  latter  is  motionless  when  the  muscle  contracts, 
a  vertical  line — an  ordinate — indicating  the  degree  of  contraction  is  traced 
on  the  blackened  surface  (Fig.  111).  If  the  plate  be  drawn  across  the 
style  during  the  contraction,  a  curve  is  obtained,  indicating  not  merely 
the  degree  but  also  the  duration  of  the  contraction.  This  instrument, 
however,  is  not  intended  for  observations  on  the  time  of  contraction. 

Method  of  recording  Time  on  a  Moving  Surface. — For  the 
measurement  of  the  duration  of  a  muscular  contraction,  the  rate  at  which 
the  recording  surface  moves  during  the  contraction  must  be  known.  The 
simplest  and  most  accurate  method  is  to  synchronously  register  the 
vibrations  of  a  tuning  fork  immediately  below  the  writing  point  of  the 


Fig.  122.  The  chronograph  of  Depres  (c)  arranged  to  record  tlie  vibrations  of  a  tuning  fork  (<).  The 
fork  and  chronograph  are  driven  by  electricity.  The  cun-ent  enters — say  at  a,  ti-averses  the  fork,  a 
platinum  wire  (w),  an  adjustable  platinum  contact  (s),  and  an  electromagnet  (m)  ;  it  then  passes  to  the 
electromagnet  of  the  chronograph  (c),  and  back  to  tlie  voltaic  cell.  By  the  magnetisation  of  m  the 
limbs  of  the  fork  are  attracted,  and  the  circuit  thereby  broken  at  the  platinum  contact  By  this, 
m  is  demagnetised,  and  the  elasticity  of  the  fork  restoring  its  limbs  to  their  former  position,  the 
circuit  is  again  closed  at  w.  The  magnetic  changes  in  the  chronograph  (c)  occasion  vibrations  of 
its  writing  style  synchronous  with  those  of  the  fork.  6  is  a  style  for  du'eotly  recording  the  fork's 
vibrations  when  desirable. 

myographic  lever.  The  fork  may  be  thrown  into  vibration  by  striking  or 
nipping  it,  but  it  is  more  convenient  to  keep  its  vibrations  of  uniform 
amplitude  by  driving  it  with  electricity  (Fig.  122).  Its  vibrations  may 
be  directly  recorded  on  the  blackened  surface  by  a  pointed  strip  of  brass 
or  aluminium  fixed  to  one  of  its  limbs  (b) ;  but  as  it  is  often  difficult  to 
support  a  tuning  fork  in  suitable  proximity  to  the  recording  surface,  its 
vibrations  may  be  conveniently  transferred  to  the  chronograph  of  Depres 
(c),  and  registered  by  it.  This  valuable  instrument  is  a  small  electro- 
magnet with  an  armature  bearing  a  writing  style,  and  capable  of  oscil- 
lating synchronously  with  a  tuning  fork.  The  armature  is  held  by  a  fine 
elastic  band  at  a  little  distance  from  the  electromagnet,  and  the  same 
electrical  stream  which  drives  the  tuning  fork,  and  which  is  interrupted 
at  every  vibration,  also  drives  the  chronograph  by  interruptedly  mag- 
netising its  iron  core,  and  thus  causing  an  oscillating  movement  of  its 
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Fig.  123.  Marcy's  myographic  lovor  {I),  k,  Key,  with 
marking  levor ;  s,  string  for  opening  key ;  c,  clirono- 
graph.  The  key  is  in  the  primary  circuit  of  a  faradic 
machine,  and  wires  firom  the  secondary  circuit  pass  to 
the  muscle. 


armature  and  style.  The  Depr^s  chronograph  is  capable  of  recording 
vibrations  at  all  speeds  up  to  700  or  800  per  second,  and  is  therefore  of 
great  service. 

The  Contraction  Curve  of  a  Frog's  Muscle  may  be  obtained 

with  the  myographs  of  Marey 
and  Fick.  In  Marey's  myograph 
a  frog's  gastrocnemius  is  hooked 
to  a  light  lever  (Fig.  123,  I),  with 
aluminium  foil,  or  a  bristle  for  a 
writing  style.  When  desirable, 
a  pan  for  weights  is  hooked  to 
the  lever.  An  electrical  key 
with  a  marking  lever  (k)  is  placed 
below  the  myograph,  and  be- 
neath this  again  there  is  a  chron- 
ograph (c).  The  three  witing 
points  are  placed  on  the  same 
vertical  line  on  the  recording 
surface.  The  electrical  arrange- 
ments in  Fig.  123  are  intended 
for  stimulation  of  the  muscle 
Avith  single  faradic  shocks,  by 
opening  and  closing  the  key 
which,  for  that  object,  is  placed 
in  the  primary  circuit.  In  Fig.  124  there  are  two  curves  (c  c'),  respect- 
ively produced  by  a  weak  opening  and  a  weak  closing  faradic  shock  trans- 
mitted through  a  curarised 
muscle ;  c  is  lower  than  c,  be- 
cause the  closing  is  a  feebler 
stimulus  than  the  opening  shock. 
Fig.  125  shows  two  similar  curves 
obtained  from  the  same  muscle  by 
slightly  increasing  the  strength 
of  the  stimulus.  In  each  case, 
the  curve  is  that  of 
contraction. 

The  myograph  used  in  the 
above  experiment  does  not  give 
the  true  curve  of  contraction,  be- 
cause the  relation  of  the  writing   ^^O  d  v,  120  double  vibrations  of  diapason  per  sec. ;  1, 
.   ,  .     . ,         T    1      •         ,,,°2,3,  and  i  indicate  the  events  following  the  application 

pomt  to  the  cylinder  is  such  that,  of  the  stimulus, 
with  the  cylinder  at  rest,  the  lever, 

when  lifted,  describes  an  arc  (Fig.  125, 1).  This  curve  proper  to  the  lever  is 
added  to  the  true  curve  of  contraction,  and  requires  to  be  eliminated  from  it. 
This  is  done  by  projecting  an  ordinate  (Fig.  125,  o)  from  the  point  where  I 
springs  from  the  abscissa.  A  series  of  abscissae  (a)  are  then  drawn  from 
the  ordinate  through  the  lever  curve  and  muscle  curve,  and  the  points  of 
the  latter  are  shifted  to  the  left  to  the  same  distance  as  that  between  the 
lever  curve  and  ordinate  on  the  corresponding  abscisste.    The  correction  of 


single 


Fig.  124.  c,  Curve  of  a  single  contraction  of  a  ciu'- 
arised  frog's  gastrocnemiusiinduced  by  a  weak  opening 
shock  directly  applied  at  op ;  c',  curve  of  contraction 
induced  by  a  closing  shock  applied  at  cl  (one  small 
Grove's  cell ;  second  coil  of  the  Du  Bois  electromotor 
at  166  M.M.  from  first  coil)  ;  k,  marking  lever  line; 
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such  curves  is  ahoays  important  ivhen  the  duration  of  their  constituent  parts  is 
to  be  measured. 

Four  events  follow  the  application  of  a  stimulus  to  a  muscle;  1,  a 
period  of  latent 
stimulation ;  2,  a 
period  of  contrac- 
tion ;  3,  a  period  of 
rapid  relaxation;  4, 
a  period  of  slow  re- 
laxation. The  2d, 
3d,  and  4th  events 
constitute  the 
muscle  curve. 

1.  The  Latent  Per- 
iod.— The  faradic 
shock  is  instantan- 
eously transmitted 
to  the  muscle  when 
the  marking  lever 
key  is  opened  or 
closed.  A  brief  interval — the  period  of  latent  stimulation — elapses  between 
the  application  of  the  stimulus  and  the  resulting  contraction.  The  latent 
period  varies  with  the  strength  of  the  stimulus  ;  thus  it  is  shorter  after  an 
opening  than  after  a  closing  induction  shock  (Fig.  1 24),  and  when  both  shocks 
are  intensified  the  latent  period  is  shortened  in  both  cases  (Fig.  125).  It 
also  varies  with  the  excitability  of  the  tissue,  being  lengthened  when  the 
excitability  is  lowered.  It  is  measured  by  intersecting  the  chronogram 
with  a  pair  of  vertical  lines,  enclosing  the  interval  between  the  applica- 
tion of  the  stimulus  and  the  beginning  of  the  contraction.    In  c,  Fig. 


Fig.  125.  Two  single  contractions  produced  by  a  more  powerful  stim- 
ulus than  in  Fig.  124  (second  coil  at  160  M.M.  from  first  coil)  applied  to  the 
same  muscle,  o,  Ordinate  ;  I,  curve  traced  ty  lever,  with  cylinder^at  rest. 
The  dotted  curve  under  c  is  the  true  curve  of  contraction  obtained  by 
eliminating  the  lever  curve  (i)  ;  a,  abscissce  drawn  to  facilitate  the  elimi- 
nation of  the  lever  curve.  The  other  letters  and  numbers  indicate  the  same 
as  in  Fig.  124. 


124,  its  length  is 


2.5 


{is: 


)  sec.  ;  in  c.  Fig.  125,  it  is 
while  in  c,  Fig.  125,  it  is  -{^^  (fw)  sec. 


(rb-)  sec. 


;  m  c, 
There- 


T2Ty 

Fig.  124,  it  is  j^rr  sec, 

fore,  in  the  same  curarised  muscle  the  latent  period  may  vary  from  about 
TO"  to  of  a  second,  according  to  the  strength  of  the  stimulus.  With 
very  powerful  stimuli  it  is  almost  instantaneous.  In  human  voluntary 
muscle  its  duration  with  a  moderate  opening  induction  shock 

directly  applied.  In  measuring  the  latent  period  it  is  essential  that  the 
lever  be  unloaded,  otherwise  it  is  not  moved  until  a  little  time  after  the 
discharge  of  mechanical  energy  has  really  begun,  and  has  become  suffi- 
ciently intense  to  move  the  heavy  lever ;  the  latent  period  Avould  in  such 
case  appear  longer  than  it  really  is. 

Although  there  is  no  visible  motion  during  the  latent  period,  it  can 
be  proved  with  the  differential  rheotome  and  galvanometer,  that  the 
molecules  of  the  sarcous  substance  are  thrown  into  a  state  of  electrical 
disturbance,  commonly  termed  the  negative  variation  of  the  muscle  current. 
This  electrical  disturbance  in  no  way  depends  on  the  nature  of  the 
stimulus.  It  occupies  the  latent  period,  and  is  over  before  the  contraction 
begins  (Bernstein). 

2,  The  contraction  is  the  second  event  following  the  stimulation  of  the 
muscle,  and  results  from  the  transformation  of  chemical  into  mechanical 
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energy.  Its  duration  varies  with  the  intensity  of  the  stimulus,  as  may  be 
seen  in  Figs.  124  and  125,  where,  as  shown  in  the  following  table,  the 
contractions  produced  by  different  stimuli  vary  from  -gJ^  to  -j-V  sec.  in  the 
same  frog's  muscle  curarised.  The  duration  of  the  contraction  also  varies 
with  the  excitability  of  the  muscle.  In  human  voluntary  muscle  with  a 
moderate  stimulus,  its  duration  is  about  sec. 


Closing  Induction  Shock. 

Opening  Induction  Shock. 

Contraction. 

Rapid  Relaxation. 

Contraction. 

Rapid  Relaxation. 

Weak  Stimulus 
(Fig.  124). 

=  sec. 

i"fir=Tnr  sec. 

^=3*1  sec. 

Rather  Stronger 
Stimulus 
(Fig.  125). 

12  0  ~  "trr  sec. 

fir  =  -37  sec. 

if!f=Ti7  sec. 

i 

rfir  =  ^  sec. 

3.  The  rajnd  relaxation  of  the  muscle  which  immediately  follows  its  con- 
traction is  primarily  due  to  the  elastic  recoil  of  the  muscle.  Its  duration 
varies  considerably  in  the  same  muscle,  as  shown  in  the  preceding  table. 
It  varies  with  the  intensity  of  the  preceding  contraction  ;  thus,  with  a 
weak  stimulus,  it  is  shorter  than  the  contraction,  but  with  a  stimulus  of 
considerable  strength  it  is  lo7iger  (Fig.  125  c) ;  the  more  intense  the  pre- 
ceding contraction,  the  more  slowly  does  the  muscle  relax.  The  elastic 
recoil  is  feeble,  and  may  therefore  be  prevented  by  even  slight  resistance. 
If  a  weight  be  applied  to  the  muscle,  the  relaxation  is  hastened  by  the 
stretching  force.  « 

4.  The  slow  relaxation  of  the  muscle  has  been  named  by  Hermann  the 
residual  contraction,  or  contraction  remainder.  It  varies  greatly, — being 
longest  when  the  contraction  is  most  intense,  and  when  the  stretch- 
ing force  is  feeblest.  After  a  powerful  stimulation  of  an  excised  muscle, 
it  may,  owing  to  arrested  nutrition,  become  permanent.  The  tardy  return 
of  the  muscle  to  its  former  length  is  by  some  ascribed  to  elastic  after- 
action (see  p.  141),  but  the  fact  that  although  a  heavy  lever  may  for  a 
moment  at  once  stretch  the  muscle  to  its  full  length,  it  is  drawn  up  again 
by  the  residual  contraction  (Fig.  128,  n),  throws  doubt  on  this. 

The  curve  of  contraction  with  the  Pendulum  Myograph. — The  pendulum 
myograph  was  invented  by  Fick  for  measuring  the  velocity  of  nerve- 
energy,  and  for  the  study  of  muscular  contraction.  It  is  a  pendulum 
(Fig.  126)  Avith  a  pair  of  glass  plates  at  its  swinging  end.  One  of  the 
plates  (A)  is  smoked,  and  serves  to  record  the  muscular  contraction. 
The  other  (A')  is  merely  a  compensator ;  thus  when  A  is  lowered  by  the 
screw  (S),  A'  is  elevated  to  the  same  extent,  so  that  the  period  of  the 
pendulum's  oscillation  is  kept  constant.  The  pendulum  is  drawn  to  one 
side,  and  held  there  by  a  catch  placed  in  suitable  relation  to  a  strong 
projecting  tooth  (B).  When  the  pendulum  is  liberated  from  the  catch 
it  oscillates,  and  at  the  end  of  its  swing  is  caught  and  held  by  another 
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catch  suitably  placed.  It  is  convenient  to  have  the  pair  of  catches 
screwed  to  an  arc  (Fig.  127),  so  that  the  interval  between  them 
may  be  varied,  and  any  desirable  velocity  of  the  recording  surface 


Fig.  126.  The  pendulum  myograph.  A  A',  Glass  plates  clamped  to  the  pendulum ;  S,  screw  for 
elevating  or  lowering  the  plates  ;  M,  muscle  attached  to  lever ;  p,  rod  for  moving  the  lever  with  the 
hand  in  the  experiment  on  the  velocity  of  energy  in  human  sensory  nerves.  The  trough  (t),  with 
double  pair  of  wires,  is  used  in  the  experiment  on  the  velocity  of  energy  in  the  motor  nerve  of  the 
frog.  B,  tooth  by  which  the  pendulum  is  caught  and  held  before  and  after  its  swing ;  v,  cord  for 
depressing  the  catch.   E,  support  for  electrical  key  (e). 

obtained.  The  lever  to  which  the  frog's  muscle  is  hooked  may  be  the 
heavy  German  lever  (Fig.  12G)  or  the  light  lever  of  Marey.  The  latter 
is  preferable  when  the  curve  of  contraction  is  desired,  for  although  the 
heavy  lever  be  counterpoised,  the  momentum  it  acquires — being  proper- 
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tional  to  its  mass — is  so  great  that  secondary  oscillations  are  introduced, 
and  complicate  the  muscle  curve  ;  thus  the  momentum  acquired  during 
the  descent  of  the  lever  carries  it  for  a  moment  to  the  abscissa  (Fig.  128), 
or  even  below  it,  whereas  a  light  lever  does  not  in  its  descent  reach  the 
abscissa  until  the  residual  contraction  is  over.  But  if  Marey's  lever  be 
weighted,  secondary  oscillations  are  thrown  into  the  muscle  curve. 

Time  is  recorded  on  the  plate  by  a  Depr^s  chronograph  (Fig.  127,  c), 

the  writing  point  of  which  is  placed  exactly 
below  that  of  the  myographic  lever.  A 
pair  of  wires  pass  from  the  secondary  coil  (s) 
of  an  induction  machine  to  the  muscle,  and 
a  key  (Jc)  is  placed  in  the  primary  circuit  (p). 
When  the  pendulum  is  allowed  to  swing,  its 
tooth  opens  the  key,  and  the  single  contrac- 
tion, induced  by  the  induction  shock,  is 
registered  on  the  smoked  plate  before  its 
single  oscillation  is  ended.  The  chrono- 
graph is  drawn  aside,  the  key  is  left  open, 
and  the  pendulum  is  allowed  to  swing  again 
with  the  muscle  at  rest,  to  obtain  an  abscissa 
(Fig.  127,  a).  The  pendulum  is  then  reset  as 
at  first,  and  after  the  key  is  closed  the  pen- 
dulum is  very  carefully  moved  until  it  just 
opens  the  key,  and  no  more.  Being  held 
at  rest  while  the  key  is  just  opened,  the 
contraction  of  the  muscle  causes  the  lever 
to  trace  a  vertical  line  (s),  indicating  the  point  of  the  abscissa  at  which 
the  stimulus  is  applied  to  the  muscle.  The  latent  period  (between  s  and 
s')  is  exaggerated  in  Fig.  128  by  the  circumstance  that  the  lever  used  in 
that  experiment  was  heavy,  and  therefore  not  set  in  motion  until  some  little 
time  after  the  contraction  had  begun.  As  the  lever  used  in  Fig.  128 
moved  at  right  angles  to  the  recording  surface  (see  Fig.  126),  no  cor- 
rection of  the  curve  is  needed  (see  p.  154). 


Fig.  127.  Arrangement  of  the  pendu- 
lum myograph  for  obtaining  the  curve 
of  muscular  contraction,  m,  Muscle ; 
p  and  s,  primary  and  secondary  coils  of 
induction  machine  ;  k,  key  ;  c,  chrono- 
graph of  Deiiris. 


Fig.  128.  m,  Single  contraction  of  frog's  gastrocnemius  traced  on  the  pendulum  myograph  , 
with  a  heavy  lever ;  s,  point  at  which  the  stimulus  was  applied  to  the  muscle ;  s",  the  com- 
mencement, and  0,  the  end  of  the  act  of  shortening  ;  n,  the  slow  relaxation. 

The  Contraction  Curve  of  Human  Muscle  may  be  obtained  by 
registering  the  thickening  of  the  adductor  muscle  of  the  thumb  with 
Marey's  myographic  forceps  (Fig.  129).  Attached  to  one  limb  of  the 
forceps  there  is  a  tambour  covered  with  vulcanised  caoutchouc  membrane 
with  an  aluminium  plate  in  its  centre,  against  which  the  other  limb  of 
the  forceps  presses.    An  elastic  baud  around  the  forceps  causes  them  to 
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nip  the  muscle.  When  the  muscle  contracts  and  widens  the  forceps, 
air  is  pressed  from  the  tambour  (m)  into  the  second  tambour  (t),  on  the 
membrane  of  which  there  rests  a 
lever  for  recording  the  muscular 
movement.  Single  contractions  are 
obtained  by  transmitting  single 
induction  shocks  through  the 
muscle.  Fig..  130  shows  a  curve 
of  a  single  contraction  of  the  ad- 
ductor of  the  thumb  taken  on  the 
pendulum  myograph  with  the 
above  arrangement.  The  stimulus 
was  an  opening  induction  shock 
of  moderate  intensity  sent  through 
the  muscle  at  s.  The  curve  of 
contraction  is  similar  to  that  of 
the  frog's  muscle  when  registered 
by  a  light  lever.  In  tliis  experi- 
ment the  latent  period  was 
sec,  and  the  duration  of  the  con- 
traction (the  second  event)  -gV 
sec,  but  doubtless  both  periods 
vary  with  the  strength  of  the 
stimulus,  as  in  the  frog's  muscle. 

The  duration  of  a  single  contraction  varies  much  in  different  muscles  of 


Fig.  130. — Single  contraction  of  human  voluntary  muscle  induced  by  an  opening  induction  , shock 
sent  through  the  muscle  at  s.  1,  2,  3,  4  are  the  events  that  follow  the  stimulation  before  referred 
to  ;  a,  abscissa. 

the  same  animal,  and  in  different  animals ;  thus  it  is  shortest  in  the 
striped  skeletal  muscles  (about  Jg-  sec),  about  eight  times  as  long  in  the 
striped  muscle  of  the  heart,  and  still  longer  in  non-striped  muscle.  It  is 
nearly  twice  as  long  in  the  red  as  compared  with  the  pale  muscles  of  the 
rabbit  (see  p.  132)  (Eanvier,  Op.  11,  1874,  p.  5).  It  is  about  five  times 
longer  in  the  hyoglossus  than  in  the  gastrocnemius  of  the  frog  (Marey, 
Op.  74,  p.  364).  It  is  shortest  in  insects  and  longest  in  the  tortoise 
(Marey,  Op.  cit.)  As  regards  rapidity  of  contraction,  the  ordinary  striped 
muscle  of  different  animals  may  be  arranged  in  the  following  order, 
beginning  with  the  slowest: — the  tortoise  and  hybernating  mammals, 
the  frog,  mammals,  fishes,  birds,  insects  (Marey,  Op.  cit.) 

The  duration  of  contraction  is  lengthened  by  fatigue,  and  especially 
by  cold.    The  difliculty  in  executing  delicate  movements  when  the  hands 


Fig.  129.  Marey's  myographio  forceps  applied  to 
adductor  of  thumb ;  m,  tambour  of  the  forceps  ;  (, 
tambour  with  recording  lever. 
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and  arms  are  cliilled  is  probably  due  to  the  direct  influence  of  the  cold  on 
the  muscles. 

Tetanus. — Muscular  contraction  may  be  simple  or  compound  ;  a 

simple  is  a  single  contraction,  a  compound 
contraction  is  a  succession  of  single  con- 
tractions. When  faradic  shocks  are  ap- 
plied to  a  muscle  or  its  nerve  in  quick 
succession,  the  relaxation  of  the  muscle 
becomes  incomplete  (Fig.  131),  and  if  the 
stimuli  be  sufficiently  rapid  the  single  con- 
tractions become  so  completely  fused  to- 
gether that  the  myograph  traces  a  line  as 
if  the  contraction  were  simple.  This  ap- 
parently simple,  but  in  reality  compound, 
contraction  is  named  Physiological  Tetanus 
(Fig.  132).  The  rapidity  of  stimulation 
required  to  produce  the  continuous  curve 
of  complete  tetanus  varies  in  different 
muscles  according  to  the  duration  of  a 
single  contraction  of  the  muscle.  Thus, 
complete  tetanus  is  produced  in  the  slug- 
gish muscle  of  the  tortoise  by  two  stimuli 
per  second,  in  the  hyoglossus  of  the  frog 
by  10  per  second,  while  in  the  gastroc- 
nemius of  the  same  animal  27  stimuli  per 
second  are  required  (Marey,  Op.  74).  The 
sluggish  red  muscles  of  the  rabbit  require 
10  stimuli  per  second,  while  the  pale 
muscles  of  the  same  animal  require  from 
20  to  30  per  second  (Kronecker  and  Stir- 
ling, Op.  2,  i.  p.  395). 

The  Sound  of  a  Tetanised  Muscle. 
— When  the  ear  is  applied,  with  the  aid 
of  a  solid  stethoscope,  to  the  muscles  of 
a  rabbit  recently  killed,  and  tetanised  by 
the  interrupted  current,  a  rumbling  musi- 
cal note — the  muscular  sound — is  heard. 
The  pitch  of  the  note  varies  •ndth  the 
rapidity  of  succession  of  the  stimuli ;  each 
stimulus  producing  a  vibration  in  the  sar- 
cous  matter  from  the  rhythmical  succession 
of  which  the  musical  note  results.  The 
muscular  sound  may  be  readily  heard  if 
the  jaws  be  clenched  during  the  night 
when  all  extraneous  sounds  are  hushed. 
The  pitch  of  the  note  produced  by  a 
voluntary  contraction  is  39  vibrations  per  second  (Helmholtz).  By  trans- 
ferring the  actual  vibrations  of  the  muscle  by  resonance  to  a  strip  of 
flexible  metal,  Helmholtz  proved  that  the  note  actually  produced  by  the 


Fig.  131. — Incomplete  tetanus  nf  lui- 
man  muscle  duo  to  direct  stimulation  by 
single  fivriidic  shocks  at  the  rate  of  about 
10  per  second.  The  greater  fall  of  tlie 
lever  between  a  and  h  is  duo  to  a  longer 
interval  between;  the  llrst  and  second 
stimuli  tlinn  between  the  others ;  k,  line 
traced  by  marking  lever  (Pig.  123,  k). 


'  Fig.  132.— Curve  of  complete  tetanus 
of  human  muscle  due  to  a  very  rapid  suc- 
cession of  faradic  shocks,  beginning  at  s 
and  ending  at  o. 
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EREATA  IN  PART  I. 

Page  24,  first  line, /or  Fig.  8  read  Fig.  7. 

Page  42,  line  16  from  top, /or  H  read  H^. 

Page  46,  lines  27  and  29  from  top,  for  suUilis  read  subtile. 

Page  48,    „    17    „    32  „ 

Page  49,  line  31  „  „  „ 


APPENDIX  TO  PART  I, 

Page  93,  §  3,  second  line. — Nerves  have  been  recently  discovered  in  tendon 
by  Rollett, 


